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i"i i,0 ABSTRAGT

A uerles of computer pro_'_,L_ are pro_ontod _ith full dootunontstlon wkleh

I_ _',haul_.tethe tl'_ma_Iontbehavior of a modern 4 cylinder Siemens a_'r_mgemont
i'v'
:. Stllqing onglno with burner and _Ir _'eheater.. Oold gta_t, er_mking, idling,

_,; _:Lcceleratior_through 3 gear ch_mges and steady speed opera%ion _:e _31mulatod.

:' Sa_,plo result_ a_Id complete operating instructions are give**. A i't_llsouroe

code listlng of all programs are ineludee.

il Reasonable results a_'e obtained but the prograa hau not boon w%lidated.



2,0 INTRODUCTION
_,o'

This report presents the complete results of the work done _mdor contract
. DEN 3-226 by Martini Engineering for NASA-Lewls on the DOE-sponsored Auto-
"i motive Stirllng Engine Program.

-_ In brief, this work consists of preparation of a series of compute_ progr_m

T_, which simulate the tr_slont op_ration of a 4 cylinder, double L_ctlngStirling
...., engine like the United Stifling P-40 or P-75 engine. Since the dimenL_ionsof

-_i these machines are proprietary, the computer pregram is set up using theGeneral Motors 4L23 engine for which there is complete information.

The boundaries of the simulation, that is, what is evaluated and what is not,

i" is given in Section 3. Section 4 describes the programs in mathematical term_

and justifies the equations that are used. After each small section of ex-

planatlon, a copy of the part of the computer program it explains is given.

Section 5 gives the full listings for two programs. CNTLA is the pre-programB
to prepare the data file and allow change in input data l_romthe console.
GNTLB is the main program that calculates a_iddisplays engine operation

I during the simulation,
Section 6 gives the program users manual which is T_itten to be complete by

_ itself and contains all the operator needs to apply the programs.

Section 7 presents a sample solution using the final program. -.

Section 8 sm_marlzes what was learned in trying to construct a rapid but
accurate simulation program for use in studying control schemes.

2
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I_" 3,0 PROBL_-_I_EINIT/O_ ...............................

The computa_ program presented and oxpl_ined herein ILl to simulate the opera-
_ ties of a Stifling engine powered vehicle, The simulation st_ts with engine

• and vehicle stopped and at a given ambient temperature, Figure 3.1 shows a

'_" schematic of one .part of the engine giving the names of the engine parts. .........

I)ii The burner is started at full fuel flow, Air flow is muds a specified

_' fraction of fuel flow to supply 10% excess air. The fla_o heats the heater

: tubes and then heats a plate type counter flow air prohoater. One bu_.ner i_
assumed to heat all heater tubes because this is what the United Stirling

engines have. It does not matter that the 4L23 uses 4 separate burners.

Transient heat up of both engine and air preheater is simulated. A separate

preliminary computer program, WARM, was written to separately inwstigute
this part of the engine Qse_ Appendix A). Gas transit times in the bu_ler

are neglected. Heat transfer rates are computed from standard correlations.
The heater tubes are regarded as one node but the length of the air preheater

is divided into as many as 20 nodes. WARM wa_ used tO determine the largest

reasonable time step as far as the burner and air prehe_ter are concerned.
WARM "also was used to determine the smallest number of node_ the air pre-

heater can be divided into and still retain adequate accuracy. The computation

method found to be accurate by the use of _ARM is incorporated into the main

program.

Longitudinal heat conduction in the air preheater is simulated. Fuel is
assumed not to be preheated. However, the flow rates of the air and flue

gas are realistic as is the heat capacity. The thermal heat conductivity

stud the viscosity of the. flue gas is assumed to be the same as air..

The temperature of the gas heater tubes is regulated by proportional control

for the engine cycle with a set point and a proportional band. At first,
heat is removed from the heater tubes only by conduction to the other metallic

parts of the engine. Since this is the cl_%ef heat lea/_ when the engine is

stopped, other heat conduction paths, like tl_'ough the insulation, are ignored
since these would be much less.

After the burner has been on for a specified time period, the engine is

cranked for a specified time period with a specified torque. At the same
time a timing valve @pens up to add gas %o each working space illturn during

the time t_t that partieula_ working space is expanding. Under the influence

of these two forces, the engine accelerates to idling speed that is specified..

As the idling speed is reached_ the engine pressure is adjusted to keep this

, . idling speed. ',

Next_ the clutch is engaged. To simulate t}ds, the ratio of meters traveled

by the vehicle per engine revolution cha_ges _m,oothly over a uhort time i_rom
zero to a new specified value. Provision is made for the gear ratio to

ch&u,ge _mloothly as two higher vehicle speedu are reached to simulate ge:Lr

cha_igu_ in a Iiorm[ulautomobllc. At the _tulletime the rcqulrud vehicle speed

is put on a r_1_p to the cruise speed at the end of a specific aceel_:ratlon
time. Gas is added to each cylinder in tL_'n as long as the vehicle speed

i_I that time. Control is by['_iI_ _fl_ortof" t},erequiz'ed vel_Icle '_peed "_"
pr,>portloluCl ba_,d operating on the flow reslstu_ice between the high pressure
reservolu" _u,deach of the working gad spaces in turn when the vehicle upeed

. 3
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'r :_II;l_L!l.lil.|IILILIL_IIil_lltilifo llII'I]_.l'lIIlt]|l]'ll ].'Ol]t._|?VO:l]),

'_ Ai, "l.,li,__'n,l0.I'"l.llt__'._:tqm.';_'l,|Oll ph;mi_ l,li,_lll-'tll_l_II]_]II I,hi._I_III':;Ili,'.]i_;ul,lnl;'l,e.d

,_. l'l_l' l;.l'iilill., l_liO/El.It bo 'lOlli_: ,_llinl£_h i'l_a t,lin, L _,hlt ollf'_iio 'l-lid volllu,l_ ;i,i,'l:,.l.li l_l,t,:ul,v

llt,;tl,l_ Ol_i'_d:,]ou, Oll{[,v a't, l,h.{_ .l_Oliit cm.]i Oli,lcllll'l.%Oll tll_l#l,l ' luil.i)irl, ,+_l'ill i_l't'li.;'l -

d. "- - llllli,y t_i I_Oitilli<,l,,7l._tllllli;I.l'tlll t_l;1.1,li v:U,l.,Ida'l,nll l_ol.ilvt' tiut,ltu'l, :ulil i).l'i'll;:llllk;,7 iI;i,'I,ll.

l I .l'i.'l_lll t,I lit ] 1'l,,_,l'll/I,ti_l?t.i,
']'iil_ n,bovo ltoill;l'llloll n, il.llll]l.'[i, dl',|.vliii,_ t;,7l;]l,, Ol ° t;Ol_l'ill_ I IIIOl;'i.) tIOlll]_,'l;l.lwI,'l,oil:>

C,_l:].tlli t;_l,II I_e ll'_'l,C.l_ll lIV c'li:UitE.l.lill l,ht; ,lll'o£11'ii_li, A],lIoil...lliOl'l_ c:Olll.lll;l.l'.'i/I,oll uolit,;i'ol

i l.ll3htJllltll.I tliiui r_J_lli.l._lt_ .l_l'o]_ol?l,loliaA _olil.i-'o]. t_l,li lit, ;lliCO;l'pOl'a,'I)c_d °

li, Tlll.l_ Lit_t;t.tOll II_LU, de.t4oi:ibod t.ho pl'Obl_lll ill qtiallta,%lvl_ 'bt)l:lliU 'I,o dt,t.tu,i';tbu :tn it

nOll-iot'>llliicu,1 wIi._ ltllli,-D _,<_ bc_,iliC_ il, t'l,t)lll]-i't;,ud t:,o bt) ull.lot_wt.od, Null _'- •_t_,c I,.1oi1 4,

w,l.ll ]ll'uilt#Ii'{, "[,liu t_tltl{i_.',lolll.t til_od 411 the '_oltitloli _uid ju_lttfy %hc_m,
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4,0 MATH_MATI_AL.M_HOD OF 80LUTION

Thi_ _oction pro_nntn the equationl; tread in the aaculysln and Ju_.tlflor_them,

Du_ing the d_volopmont of tbif3 prog_i th_ bus'nor, heater tubo:_ and aim p_a-

h¢_ato_ wo_c, ovahtatod n_parat,_iy to dotormlno how many nodes there need L_

in the l_Iz }_roh_ato_ and wb_t tim_ l_tnp is no_Idr_dto 1_d_qui_tolyslmtd_to

ti_s p_rt of £ho fl_aQhln,1,(See Appendix A,) O_m_ those w_u_s wore d,_to_

m_zl_d, the oomputatlom_l i_a_'to£ the p_'o_m wan Incorporated into the main

p_o_m_, Tim bumnem _u_d ai_ p_fl_eator will be dln_um_od ,inits p_.op,_,o_'d_r
in the m_:In ]_o_Wn_,,

T}D main prot_z'_.nhas boon _iivldod,_nto two p:u:'bllbo_lau_o o,(:l,Oll_ol'yl:i,lil;_%_

tlon of the Alton comput_' u_od by Homtil_i F,ngln_mrlng to wz'Ite the p_;o_'_un, .,.
The flrut pa_,t, ONTLA, allow_ any input W_motor to be ch_ulged _Lnd then
intsrmodiato _om_l'hu a_o ealcul_%,ed. The ]mA'a_ot_'u hooded _'0_tho ,tall_

calc_lation arc filed. Thoz_ the main pcogz'ua_ GNTLB, is brought in, The

intermediate results LU_'oread in and the uimulatien proceud_.

Di_octio_i'or use of the p_o£wam and hew to oh_]ge input conditions _'e given
in Section 6.

The flow dia_'_ is glvon in Figaro 4,1, The ba_u case is recm'ded in data

statements. Any input value cml be changed by keying in the input llt_tIb_',
a space mid then a new value with a decimal point. See Section 6 for additional
directions, The new input value is read in :_k'omthe console as _Q auld then is

given the proper identity,

The input numbers were assigned as th_ program _'ew. Therefore, Section 6

gives the identity of the input n_nbors and what the base case v_ulues are.
One tabl_ gives them in nm_erlcal order. The other gives them organized

by operating condition mid dimensions for the dlfferent parts of the mac|fine.

For %he software available to the Altos computer for high speed computation,

olLlyreal mmb_rs in fixed point format (no integers) cm_ be read out of the
file FORTIO.DAT.

The complete lis_ing of GNTLA.FOR is glven in Section 5,



i
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J:

comm_nt__ndNomoncla_re1-320
,L
L

_ Data Input for Base C_se 321-361
;, 350-360
,: m

ti No Brtng tn Stored Data from Last

1o 361-395Reed tn FORTIO,DAT

EI-447
Display Data Inpu_ to Screen

448
Is a7=997 No

449-458
Yes

Is J7=1 to 827

ChangeInputData 459-647

CalculateInitialValues 648-774



J Read Out Values Periodically (Optional) z[213"229 ....I

f.... tDisplay Graphic Data (Optional) 230-290

291-454
Engine and Vehicle COntrol SubprogramPart 1

Burner and Heat ConductionSubprogram 4_E .t__

Engineand VehicleControlSubprogramPart 2
i

I II I I.... 558-849

r....... IEngineTorque and InternalHeat TransferSubprogram

i i i ii i i ITI i i iii iii

l Engineand VehicleControlSubprogramPart 3
i850-_I_1

, _, .....,, I "-
T

i i Final ii ii iii
I SummaryReport

852-854
J

:. Stop 855
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_.!! always the same. At first only the burner and hea% conduction subl_rO_am is
i ). used. Then when the engine starts rotating, the engine torque and interne&

"; heat transfer subpro_am is also used.

_i If the total time set for the solution is not exceeded, the program repeats
_ starting with the engine and vehicle control. If time is complete, the I_O_am

m_ stops and a brief summary is printed out. The full listings of both ONTLB
:'_} and CNTLA are given in Section 5. In this section CNTLB is explained fully.
-,,', The full No.am is divided into small sections according to the flow chart

_i of Figure 4.2. For clarity, each small section of explanation is followedby the part of the progr_ it explains.

,,,,,g

_ 4.2.1 Read Transfer File (LinesI to 67)

._. Be_'ides comments about purpose of program and _t._ension and type and datastatements_ the transfer file FORTi0.DAT is read from the disc. This read

_. statement must be exactly parallel to the write statement _ CN_A. Symbolsare defined in CNTLA (see page 73).

i: C ,+';+',_*.+_*_+'.+'+,*_PROGRRMCNTLB. FOR*=+:.=+,**************,+';+,*******,++**
2: C WRITTEN B? MRRTINI ENGINEERING UNDER CONTRRCT NUMBER
3: C DEN_-226 FOR NRSR-LENIS UNDER THE DOE RDYRNCED RUTOMnTIYE
4: C PROPUL'_ION PROGRRM. CNTLB RERDS IN THE INPUT DRTR FILE
5: C GENERRTED IN CNTLR RND CRLCULRTES RND DISPLRYS RESULTS.
6: C CNTLB CRLCULRTES THE TRRNSIENT PERFORMRNCEOF R 4 CYLINDER
?" C DOUBLE RCTING STIRLING ENGINE HITH TUBULRR HERT EMCHRNGERS
8: C RND POROUS REGENERRTORCONNECTED TO R VEHICLE THROUGH R GERR BOX.
9: C THE RESIDENT DRIVING CYCLE CONSISTS OF HERTUP, CRRNKING, IDLE,
i0: C QCCELERRTION FROM ZERO TO CRUSE SPEED RND HOLD THRT SPEED.

11: C SECOND RND THIRD GERR CHRNGE5 RRE SPECIFtED BRSED UPON VEHICLE .t
12" C SPEED. GERR CHRNGE IS LINERR WITH R SPECIFIED TIME. 1
13: =3 CNTLR USES RS R BRSE CRSE THE DIMENSIONS OF THE 4L23 ENGINE. ,
i4: C CNTLB RDJUSTS THE TIME STEP SO THRT THE RNGLE INCREMENT IS it
15: E: BETNEEN ? RND _'30DEGREES. THE PROGRRMHRS NO LIMIT TO FLOW
ig" C R.'POSS GRS NO[:,ES OR CHRNGE IN GRS INVENTORY. CONTROL IS BY
i7" C CHRNGE IN GRS IN'v'ENTORY.
18: C +'+,;_=**,,<STRRT OF PROGRRM: à�è#i9 : DIr.IENSIOt_XT(4), IPV(2.,4",..JPV(2.,4.',,

• '":""' '_ ' 8 _,20 . i F_.,.4) ....F_(4., F'4(4)_ M(4",, FP(4.% TO.,z4.%VHR(2, 4.'.',YCR,:.2.,"" 4.:,.,"
21" 2 VT(2., 4.:,.,...,,..,""_",,'4'_,..
22' _ Pi(4)., C:VM(8..4), TGR(2, 8., 4).,
,_;" 4 C,HI,C4T:,.,T;:R(4:, TIN(18), E.-..(o..,.,TOU(18)., TM(6, 4,', E'¢(8.',, YME,::8).,

" 24' 5 0t'1(8), THR(8., 4.'.'.,
..'. -. 6 CM(5_,

26 [:'IMEP4'SION TMI (6, 4 .'.,W" 2.,8..4',L':'v'G,.'.8,4 '
2T" PERt. LLF., LH, LR, tl+_H.,t'lH, KK.,k'R, LC, M, t'IE.,KRR.,MGI
£'_., PERL LHH,.....LH ' t'IHFG.,LRPH, MIR., MIRi., LHt'l.,MIV, LRM,M.',*'';'IF
>9 F'EI'_L.HTF'H,NTC tlS., tiP., NTH.,NTHH, IGi, NFL,NAF'H.KRPH, }:'t'l.,t..rl,_,.,Kr.IE
lO' C ["RT_ C)NSTRNTS
:1 [,RTR PI4, PI, F'I'*' PR[',, p.'Ct "'-_...... ,' ,:,.4., 2. 14t59., i 570',1:0.,O. £,1745_ 8. -'-34,
-'__......... [,RTR t ,'F'R, CF'FG,.'_, 1 0_, .t ZL'..
___.:. ,2_ _.,._..+F,ERr, TP_N'_FEF' F[LE FF:OM [,IL--K
-_.l '7:'O0._ FOF;'!'IiqT,q,'F9 Z ',"

9
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L..

• 35: READ (10, GO_)THMQ, TPB, TW:, FWI, OM1
36 : READ ( 10, G00_) T1, DT, ME, RBE1, KAPH
371 READ ( 10, S00_)NTHM, DIHM, FFF, TNU, LHM
38: READ ( 10, S006)TCR_ TID, TAC, TOTT, GPM
_9: READ ( 10, $004)RC, LCR, DCY, DDR, DIH

.., 40: READ ( 10, GOO4)WTHM,NTH, VHDX,NR, DR
41 : READ (10, 800_) LR, FF, NS, MSH, THW

'_ _2: READ (10, BOO_)VCDX, FCA, DIC, LC, NTC
_,.... 43: READ ( 10, S00t6) MIV, NTRM,DIRM, AFR, LRM

-_'.' 44: READ ( 10, 800_) DOH, LHH, TMAPH,LAPH, W_PH
_5: READ (10, GOOt)TAPH, NAPH, PRL, PRH, WTRM .

_i _S: READ (10, $00_)TST, HI R, RAF, NO, LHV
' _71 READ (10, 800_)CMAPH, AFAI_H, RA1, CZ, DEQ

48: READ (10, S00_)UXY, DT2, CY, UXX, CYY
49: READ (10,6"_00_)FUEL,AMF, AH,CMH,QEX

" 50: READ (10, 800_)KAR, TIM, VHD,_VRD,CMX .
m_ 51 : READ (10,800_)VCD, VCDA, VTD, XA,XB
-_ 52: READ (10,.S00_)RCY, BCY, PI32, RC2, CCY
i 53: READ (10, 800_)EARAD, EADEO, DIST, OMEQ,OCT
m 54: READ (10,800_ )VHA (1,1),VHA (.I,2),VHA (1,3),VHA (1,_),VCA (I,1)

55: READ (10,800_)VCA(I,2),VCA(1,3),VCA(1,_),VT(1,1),VT(1,2)
5S: READ (10,800t_.)VT( 1,3), VT( I,/_),CP, CV,MW

_ 57: READ (10, 800_) RX, KK, QA, KR, XC
= 58 : READ (10,800_ )TQV, IQ I,VHM,_RM, ROE2

59l READ (10, 800_)ROE3, VSP2, VSP3.,THH_TRH

EO: READ (10, S00_)RWT, TCY, THC, O, HCL61 : READ (10,80_) KM, KMX,THCH, 131,Q2
62l READ (10,SO0&) Q3, EIN,KME( I),KME(2), KME(3)

i 63: READ (10,800_) RME (Z_),KME(5), KME(S), CM( 1),CM(2)
,. 64: READ (10, 800_,) CM(3), CM(_), CM(5), PBIS, PBVS

65: READ (10, 8004)TREP

6S: WRITE(5, $00S)67: _00S FORMAT(' FILE READ")

4.2.2 InitializeValues (Lines68-129)

Althoughmost initi_lvaluesare in the transferfile, it is more convenient
to initializesome values in CNTLB. Also since integerscannotbe read out
of the transferfile due to limitationsin the softwareavailable,integer
values,like N and J, must be made at this point.

6_: C_'_'*$_:INITI ALI ZE VALUES
69: C OROANIZE TIMES FOR OPERATINO CYCLE
70: TT=O.
71 : TI lmTHU+_CR
72: TI 2=TI I+TID

•" 73: TI3=TI2+TAC
7_: C BURNER INITIALIZATION
75 : N=NO
7S: NO2=N/2

10
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77: D0"200 I=_,N
781 TOU(I)=T1
7S: • T_N(I)=T1
SO: EY(I)=T1
$I: 20_ EX(I)=T1
82: _IN(N+I)=T1
83: TA=T1
84: TD=THMG-TWI
$5_ FLAME=TI

@7: CFL=1000.
88: CFH=O.
89: CFF=O
90: C INITIALIZE CUMULATIVE HEAT INPUT AND METAL-TEMPS
g1: DO 1SS I=1,4
92: TM(1, I)=TI
93: TM(2, I) =T1
g4: TM(3, I}=T1
95: TM(4,1)=T1
96: TM(5, I)=(TWI+TI)/2.
97: TM(S,I)=TWI
9S: M(I)=0.0
99: 1_S QHI(I)=O°
100: C SET PRINTOUT OPTION
101: J=Q2
102: C INITIALIZE VEHICLE INERTIA
103: VIN=0.0
104: C INITIALIZE ENGINE AND VEHICLE SPEED
105: OMEG=0.0
10S: SPVI=0.0
107: SPVD=0.0

108: C INITIALIZE WORKING TIME STEP
109: DDT=DT

I 11_: C INITIALIZE TORQUES
111: TQS=0.0
112: TQV=0.0
113: TNET=0.0
114: C INITIALIZE ENGINE ANGLES
115: EARAD=0.0
11S: REV=0.0
117: NER=O
118: NOC=-I
119: MIRI=O.
120: RGE=O.
121: C INITIALIZE ENGINE PRESSURE
122: DO 950 I=1,_
123: 950 PI(I)=PRL

12_: _ INITIALIZE FLAG TO CALCULATE CONDITIONS AT CRANKING
125: IB2=O
126: C INITIALIZE OUTPUT FLAGS
127: POF=0.0
128: ODF=0.0
129: GDI=TOTT/1024.

II

i

I!
b
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4.2.3 _Ic Frtun_t_ (L111ot_130-212)

The AEM-3 tormlncLl with the Re%.ro_'aplde_ package can have two output ovar-

l_Lyed on the semen at the s:m,o time I a _raphic output and _m alpha_lumor_c

output. T}%o grapldc output,lf it is used, e_muot easily be turned off. The
_Iph_m_morlc output to the screen can be turned off so Just the _':Lphlc di_-

pl_y is visible. It is much easier to _mderst_md what is golug on w_th the

graphic display. In the case whore the graphic display is not used, the

output will be stored in a file w_"_ch may be road back and possibly pZotted
off line.

The contx'_ct requlre_ tl_t the main pro_-:ml, CNTLB, sho_Id r_m without re:meal

intervention during program execution. ThL_ofore, the decisions on }_w the
res_ts of ONTLB axe read m,t _e changable in CNTLA and _e fed to CNq_B in

tr_u)sfor file.the ' "

The flag QI must be 1.0 if graphic output is to be used. At this point the

outline of the graphic display u/_d the schedule of how the driving cycle

should go _re dlbplayed on the screen. Figt_'e 4.3 shows how the screen is

d_vlded up. The retrographlcs modification to the ADM-3A te/_inal is c_1_ble

of d_splaylng 250 pohlts vertically and .512 points horlzont_lly. However, the

1_%cka_3eis compatible with Tektroulcs Plot 10 software which has 780 points
vertically _u_d 1024 points horizont'_lly. These l(_tter numbers are used to

specify location. The subroutine VE_'I_R draws a line on the screen (see Appendix C).

The [u:ramgement evolved as experience was gained with the solution. Space
for the fern' working s]_acepl'c_s_'e-vol_mle (PV) diagrams was p_rticula/'ly

useful in obse±'ving wh_d is going on with the solution.

130: C******* DRA_4 GRAPHIC FRAME IF OPTION IS ON ..,
131: C GRAPHIC FRAME

..... IF(QI-1 _8) 158, 157,158

133: C DRAW OUTLINE

I.:._: 157 CALL CLEAR

135 : iI=0
1._&,• J1=0

137: I2=1023

138: J2=0

139: CALL VECTOR(II,JI,12,J2)

1419: 11=1023

141 : J1=779

142: CALL VECTOR(12, J2, 11, J1)

143: I2=0

laa: J2=779
Ia5: CALL VECTOR(I1,JI,12, J2)

Ia6: II=0

; I_7 : J1 =0
1_81 CALL VECTOR(12, J2, I1,J1)

Ia5 : 11 =700
15_: JI=0

-' 151 : 12=7_0

_: I._.: J2=779

1_J3: CALL VECTOR(iI,JI,12, J2)15_: C DIVIDE INTO a LAYERS LEFT SIDE

12
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155 s I t _0
'. 15_ : J t =629
'_" 15"/: I2=700

15B: J2=629
,_ 159: CALL VECTOR(II, Jt, I2, J2)
_. 1F.,Ot Jl=47g
:, 151 : J2=479

t52s CALL VECTOR< I1, Jl, I2, J2)

_::' 15_: C DIVIDE INTO FOUR LAYERS, RIOHT SIDE
" 154: 11 =700
'_ _._5: Jl =1_0
:,_ ISS: 12= 1023

'", 167 : J2=190

t 168: CALL VECTOR(_I, J1, I2, J2) ..............................169: J 1 =3B0
;: 170: J2=380

t71 : CALL VECTOR(.I1, J1, I2, J2)
t 172: J1=570

173: J2=570 i
174: CALL VECTOR(f1, Jl, 12, J2)
175: C DRAW SCHEDULED VEHICLE SPEED

! 175: I1=0
, 177: JI=$32

178: 12IT 12/TOTT*,700
179: J2=$32
180: CALL VECTOR (11, J I, 12, J2)
181 : 11=TI3/TOTT*'700
182.: J1 =77S
183 : C_ALL VECTOR (12,.J2, 11, J 1 )
18_ : _:2=700
185 : J2=77G
186: CALL VECTOR(I1, J1,12, J2)
I_7": C, I_RAW SCHEDULED ENGINE SPEED
188: I 1=0
i89 : J 1=/_2
l_JO: 12=THU/TOTT*'700
191 : J2=_82
I_2: CALL VECTOR(f1, J1, 12, J2)
193 : II=THU/TOTT*_700
19_: JI=55_
195 : 12=TI 2/TOTT*z700
19S: J,_ :J54
197: CALL VECTOR(f1, J1, 12, J2)
19S: C DRAW HOT METAL GOAL TICK (T_MG)
199 : II=0

_, 200 : J 1=200
201 : 12=10
_.(_._: J2=200
._.._• CALL VECTOR( 11, J1, I2, J2)
206: C DRAW COOLING WATER TEMR TICK (TWI)
205| J1=10
2_}S: J2=10
207: CALL VECTOR(il, Jl, 12, J2)

_l, 208: C CALCULATE DISPLAY PARAMETERS
209 : PD IF=PRH
210: XLOW=VTD+VHDX +VCDA
211 : XDV= (ACY+BCY) *_RC2
21_-,,._. 158 CONTINUE
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4.2J_ Wrlto d_lifiodPrintout (Lines _13-229)

The unlfiod printout i_ placed l'1_.L_tin t,h_ma_Inloop oi'the progr:_1__o th,,:_t
the initial eonditlo_s cam be displ_yod. The r_e_doutm_y oith_r be to the
_,cre_n(Q2' 5.0) or to the printer (Q2 _ _,0). Thi_'_optlo,__o ch_ngod lh'om
CNTLA. Then in Line 101 of CNTLB the InteGer J is sot from the r_a].w Llt:_
Q2. The foznat of the readout iz nine eoIL_nslut not :Lll,%ref.lllod, The
key to the readout is given in the _k'og_l Users M:_u.'_l(Section 6).

Note that this printout is optional. It i_ enabled when Q3 1.0, T},flt_t'l_:_
can be chs/_gedfrom CN_A. If the _:_phic re_dout gives all the information
desired, then it greatly speeds up the calculation by having the printout
infrequently.

The vs/ue _ ca_,be set from CN_7_Ato control the repetition time for this

_rintout.

_',3: C_,,._=,_,WRITE UNIFIED PRINTOUT--RETURN POINT FOR MAIN LOOP
21_: _01 IF(Q3-1.0)3_O, _02, 3_0
215: 402 IF(TIH-POF) 390,391,3_I
216: 39 _ POF=POF+TREP
217 : WRITE(J, G025) TIM, CFF, REV, OMEQ, SPV1, 6PVD, DOT
218: 6025 FORMAT(SF8.2, FS, 5, 2F8. 2)
219 : WRITE(J', S022) TIN( 1),TIN(2), T.IN (3), TIN(_), TIN(5), TIN(S), TI N(7),
220: I TIN(8),TIN(9)
221 : WRI TE(J, 8022) EX (1), EX (2), EX (3), EX (_), EX (5), EX (S), EX (7),
222 : 1 EX (8), FLAME
223: WRI TE(J, S022) TOU (I), TOg (_'),TOU(3), TOU (_), TOU(5), TOU(6), TOU (7),
22_= I TOU(G), TOU(_)
225: DO 10 I=1,_
226: 10 WRITE(J, B022)TM(I, I),TM(2, I), TM(3, I),TM(_, I), TM(5, i), Pl(I),
227: 1 M(I),VT(1, I)
22S: 8022 FORMAT(_-;(F8.2) )
229: WRITE (J, 8022)TNET, TQS, TQV, V%N, MI RI, ROE

b
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' 4,2,5 Display Graphiq Data (Lines 230-290)(Optional) !

'_- The display offers a fast and comprehensible way of showing what is goinE
on.during the solution. To speed..thesolutlon, the display does not print

,, every time step. The total time, TOTT, is divided by 1024,.the number of
(

_, h@risontal addresses for plotting to give the graphic display interval, GDI,

' in seconds. (See line 129.) Therefore, the display programming from line233 to 277 only Is called upon 1024 times during the solution at a regular
,_ time interval, There could be 1024 different points if a Tektronix terminal

were used. WIZh the AEM-3 Ret=ographics package used in development of this
•! progr_,, 512 horizontal points are plotable Therefore, two dots are possible

in the vertical direction for every plotable point in the horizontal direction.

i "" The following displays are°shown s
j. A. From the beginning

I. current fuel flow rate (over full height of display)
2. average heater metal temperature
3. flue gas leaving heater and entering preheater
4. flue gas leaving preheater

5. average of metal node I _around hot spaces)
6. average of metal node 4 _at the hot end of the regenerators)
7. average of metal node 5 (at the middle of the-regenerators)

B. After engine starts to be cranked (see llne 269)
'q

8. engine speed !

9. vehicle speed !

The above displays are plotted 1024 times during the solution or twice for _
every displayable point using the Retrographics package. _i

230: G_**_DISPLAY GRAPHIC DATA, PART t _
231s 390 IF(Q1-1. )20, 21,20 i
232s C CHECK TO SEE IF PLOTTING SHOULD BE DONE :.
233: 21 IF(TIH-GDF)20, 393,393
2341 393 GDF=GDF+QDI
235s C SHOW FUEL. FLOW RATE
236 s 11=TI H/TOTT_700
237 = J 1=CFF/FFF_777

:" 23S _ CALL PO I NT ( I 1, J I )
2_91 C SHOW AVERAGE HEATER TEPIP.

• 240s 31- (.TA-TWI)/TD_190+10
2_1m CALL POINT(II, J1)
2_2' C SHOW FLUE GAS TEHP. ENTERING PREHEATER
2_3s Jl - (TOU (N+ 1 )-TWI )/TD.190+ 10
2_ a CALL POI NT ( 11, J1)
2_5s C SHOW FLUE GAS TEHP. LEAVING PREHEATER

ii 246 s Jl: (TOU( 1 ) -TWI )/'fD*I_O+ 10
2t¢Ts CALL POINT(II, J1)
2_Ss C SHOW AVE. HOT HETAL SPACE TEMP (NODE #1)

16
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'_ 2491 X=_
25¢)a DO I/;5Z=1,_
251 s I_5 X,,TM(I,I)+X
252 m X,,X/_.

• 253 s 31,' (X-TWI)/TD_IS_+ 10
' 2541 CALL POINT(It, 31)
"' 255t C SHOW AVE METAL TEMP HOT END REOEN. (NODE #4)

25_1 X=,¢
'_ 257l DO 14E;1=1,_
i 25B: 148 XmTM(/_,1)+X
_., 259 m X=Xt_.

2E_: 31= (X-TWZ) ITD_,IDm+I_
2Elm _RLL POINT(It, 3i)

_ 2.82: C SHOW AVE. METAL TEMP. MIDDLE REOEN. (NODE #5)
2E,3: X=(_
2_GI DO 1/_7I=I,_
265: 1_7 X=TM(5, I)+X
2"_Sm X=X 14. d
2S7: Jl= (X-TW I)ITD_'19m+ 10
268m CALL POINT(II,Ji)
269l IF(TIM-THU) 2_, 20,95G

270: C SHOW ENQINE SPEED
271 : 954. J I=OMEO IOM i_,72+/_82
272: CALL POINT(ZI, 31)
273 : IF(TIM-T12) 20,20, 953
274: C SHQW VEHICLE SPEED
275: _53 Ji=SPV1/SPM_14_+S32
276: CALL POINT(I_,J1)
277: 2_ CONTI NIIW

The final pa_t of the grap_tlcdata displayinvolvesthe drawingof four
pressure-vol_unecurves fo_ the four workingspaces. These curves-aredrawu

I; only when the fl_g QI = l.and the time, TIM, is greaterthan THU....That is,
i the curves are drawn only when the engine shouldbe moving. The initial
: engine pressuresplot number is calculatedon li:_e320 and the initialvolume

plot number is calculatedon line 340. These are only calculatedonce.
_', Startingwith these values,the next valuesof these two numbersare cal-l
,:, culated on lines 284 _d 285. With the initialand next value for both

pres_urea_d volume for all four workingvoltu,es, four lines (vec,tor_) _e
drawn (llne 28b). In lines 287 and 288 the next value_become the initial
values for the next time a/'otmd. This part of the progra_ draw[_ four con-

tinuous linos tracing out the work diagram for cach working space.

17



278s C*****DXSPLAY QRAPHXC DATA, PART 2
2798 C PLOTTING FOR F.VERY TIME 8TKP OF 4 P-V DXRQRRMB
2001 C CHECK TO BEE IF OPTION XB ON
281 i IF(_I-I. )852, GS_,G52
282: 853 IF(TIM-THe)852, 852,854
_83: 854 DO 9f_5 I=I,
_8_ : I PV("2, I ) "(CVM (8, I )-XLOW)'I'_23/XDV+700
2_5: JPV (2,I)_PI (I).190/' _IF+i90* (_-I)
28S I CALL VECTOR (!PV (1,I),3PV (1,!),IPV(2,I),JPV (2,!))
287a tPV(I, I)=IPV(2, I)
288 | JPV ( 1, I ) =JPV (2, I )
289 s 985 CONTI NIJE
290: 852 CONTINUE

After every five cycles,the ac1'een'areawhere the work diagramshave beendrawn i'_erased. (See lines 365-372.)

4.2.6 Engine _id Vehicle Control SubDrogram (EVCS)--Part I (Lines 291-4_5)

Figure 4.4 _how_ the over'all flow chaz't for CNTLB with more partlculaz's
given to the engine _md w,.hicle control progr_n thm_ was given in Figure 4.2.

The first decision 1_oint io to determine whether the cumulative time, TIM, has
reached oz'exceeded THLI, the specified heat up time. If it has not, the

lla_;IGI iu set at zero. The progr_n jumps directly to increment the time.

The burner :rodconduction subpros_'am is executed. This calculates con-

ductlon _md external heat transfer in the air preheater and to the gas
heater of the engine (_eu Section 4.2.7). After this, the flag IGI is

te_ted (P_rt 2). Since it is less th_ul i, the program, jumps back to the

readout LuId die,play [_lldstarts through _galn.

291: C*****ENGINE AND VEHICLE CONTROL SUBPROGRAM PART 1 ....
292: C CHECK TO SEE IF HEAT UP TIME IS EXCEEDED P
293: IF(TIM-THe)503,502,502
29_: 503 IGI=0
295: GOTO 501

Eventually, tll(,_air preheat_,i'and engine get p_rtially heated up when TIM

exc_(.ah;THe. At thl_ point il' this I_; the flrst time tl_ough, the et_gine gas

l,_vuntorl_,:_Lu'eoalcul_ted ba_ed upon the specified low gas reservoir
pre[uulru _ lhe vol_umu: a_; [;_ro unglnu :u_clL.:aid ga_3 teIl|peraturet_itl the

dif'ferc, ut p_u-i,.: wMct_ _r_, m;mu,m,d to bc uqmd to t}_c' metal node temper:_tm'e_
at that time. Aluo, the i,:[Ill,2 utel) it; rt_due_)d by a l':mtor of I0 to utah%
out, [llmu; 300-301). lion, ever, the time :_tep ic. l'tnally adju._:;ted in lines
3!i1 3,, ,

_;
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...... i ............................ t................ II_

_: Start'RoadFil_,Initialize,DrawFrameI 1.212

.ut aria 21a.,29o

j2 L.!,-,,o,-," ... No Time? Yes

i_'_.: 299-342
_ CalculateGas Inventories,Temperatures,

-:_ Yes Crank? NO

346X=TST 347-348 X=0
348

NetTorque: TNET= TQS - TQV + X

349-350
Ste Angle I

353-354

No Too GreatAngleIncrement? HalveTlfneStep

No 358-364
Too SmallAngleIncrement? IndexAngles

;rasePV PlotFieldAfter5 365-372

373-374
No Yes

In Gear?

,1
IGI=I 377-3 IGl=2 39_

_,djustEnginePressureto ControlEngineSpeed FindGearRatio !1
:- Set New EnqlneSpeed 421-422FindVehicleInertia .

423-427 ne Scheduled Speed

ust Pressures478-441 '_

:alculate Torques 442-445 :,

Set NeWEngine and VehicleSpeed _I446-449

l,'tt';_Lt'L, q.4. Over:dl l,'low Ch¢u't, o1" UN'I%B w:Ith ]_llll_;i.hl3ill Oil _]ll(';ttlt, _ _u_d Vt;hielt,
Control S t_bl_rOt';l"cUll,

"" i
| i

: 19 ,

..... ,.o....... :. . .._....__: --.:-._ .¢ ._. ,. , ...... , , , ..... " ._..::.,.._...:...,...... j -
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450-452
CheckDisplayto Screen

Index Ttme 453-455

Burner and ConductionSubprogram 456.554

7

, - ECVSPart 2 0,+

[E.ngtneTorque and ,fire,nil Heat Transfer SubPrOgramI_"'"'

(Calculates TqS)859-SS1

/

-,0 ECVSPart:_

' _ __ TIH- TOTT

• L SummaryReadout 1852"854

' I

,i
<,i !

i
Figuru 4.4. Part 2, I

2O
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i'_ 2_GI _ FIRBT "TXME (3RL_ULATION OF QQEiMQQEJEQ F_N_)XNITIRLIZE PREEI_',JREQ
!'r _971 II AND ._ET [3A_ TE.MPQ. TO (3URRENT HETRL.-J_..,TEMPEi,

. ,e,!i" 29_| 50_2 IF'(I_,_-"I) 50t_, 5(_G,506
295: 5_ IO_mt

,., 3_1 C REDUCE TIME _T[_P AT E3TARTOF _RQNI¢ING
_ 7;_I| DDT"DDT /|0,
I:_ 3B2 n X_PRL_'MW/R
' 'rn3 I

_;Ot_a C NODAL OA_} MANGE@
3Q5| W(1, I,I)=X_VHA(t, I)/TM( I,I)

_ 3G_l W(l, 2,I)=XmVHM_2./(TM(i, I)+TM(2, I))
307 = W (I,3,I)mXmVHDm2. /(TM (3,I)+TM (2,I))L

_ 30G: W (I,_,I)=XmVRM_,2./(TM (_, I)+TM (3,I))

i 30Sa W(I, 5, I)=XmVRD/(TM(5, I)_.1"M(_hI))
_0l W(I,6,I)=XmVRD/(TM (S,I)+TM(5, I))
311' W(I,7, I)=X'VCD/TWI _i
312= W( I,8,I)=X'_'VCA(1,I)/TWI
313: C TOTAL ORS MASSES
31_m M(1)=O.
3151 DO _B_IH=I, 8
31S: _BO M(1)=M(1)+W(t,K,I)
317: C PRESSURES
318: P1(1)=PRL
319l CL-..INITIAL PRESSURE PLOT PARAMETERS
32_: JPV( I,I)=(PI (I) -PAL) mI_51PDI F+1_5_ (t;-I)
321= C AVERAGE GAS AND METAL TEMPERATURES
322= TOA(I, 1, I)=TM(I, I) '_
323: DO _81 H_2,6 t
3_ : TMA (K,I)=(TM (H- I,I)+TM (K,I))/2,

.. 325: _BI TOA(1, K,I)=TMA(K, I)
32Sm TMA (7,I)=TWI
3271 TMA (B,I)=TWI
328= TOA( I,7,I)=TWI
329: TGA (I,G,I)=TW I

3301 C CUMULATIVE GAS VOLUMES
331| CVO(I, I)mVHA(I, I)
3321 CVO (2, I)=!_VO(i,I)+VHM
3331 CVO(3, I)=CVO(2, I)+VHD
33_ : CVO( _, I ) =CVO( 3, I ) +VRM

,. 335l CVG(5, I)=CVG(&, I ) ,
:" 336: CVO(6, I)=CVO(5, I)+VRD/2.
i, 337: CVO(7, I) =CVO(S, I) +VCD ,

3381 CVI](_,I)=VT (I,I)
339_ C VOLUME PLOT PARAMETERS
3_01 IPV (I,I)= (CVS(8,I)-XLOW) _323/XDV+700
3t_I| 507 CONTINUE !

- 3/_2o 506 CONTINUE i
r,
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]1' ']"DI .5_I_botwot.:lt TIIU tnid TIIU -t T_I¢ I i,l_,_ i_lit,;lltt,:, h-_ cl:;uib._d :llitl :i. torqu_ t q_T i
.ti_ itlq_.ll-d t;o tl_,.+ Clli/_,llll], _llt'_ llt'vt, tOl'qUl_t CLt21.]*'_].lO,:il.L'tl|l_ t.h,", l'tll(_;,_llO ._I_ "l Il.lt'_

l.tl]'qlll"! WltlY.'l ._t ._I; tl.lq_l:14_tlp pllii_ TQ;.]0 "t,Jil, ;daiL,l"l; _,["l'(lli¢] I.'O;L] I F_,l)¢l t)y Llit_ t.lllt'?l |J¢9

I,_-'t_l_,il,-t',_;; ,'uld t, li,; t,t,ld.t,-_,._ o1' t,l.._ ltl.ITI,ttlll'_ ]l_t',l_h "1 t.l.._ Ollt'_:_llll "l,lll] lil;llllll_ rl'_,Vl

l,)ll_ "rld.,t-]'tllll/_ |,o]'lliil_ _*.t.l.li,_ i'bl,;*.l"l, tltl,_ tt, 't,l._ vo].]._h/_; ]?tHh_lVIAl,llt:l_ li-II_l t, ll,_ :t'll'

I',il_]lll.,llltt]l) llJ' 'l,ldl Vl'll-'li._].l', At, ]',li';Tl,p l.l|o till].,!# I,t_l.'q_,_, ,_,tl, lll'_lll/'; llltl'L_O:l 't.l_ q';]T,

All i,;/tl_ -I.t_:_dd,ld, I_.t_t,l,o i)ll(';lllllp 'l._t_,_ t,l_tll,llll.:lt;I. I'lu'i.ll.l', /tl'l.lq.' [,Itl, l_,'l.0' I_t:l;l'i,l_
IltltV'l :it:';| 'I_,_,V '1] lW, t.qqllll|ili l/. I';LI] l.l*,l',

_t_3l C TEST TO _E IF ENGINE _HQIJLD BE CRRNKED
3tltl : IF ( TZH-¢:THU+TCR) ) 5t_8, Ul_9, 5_J

3t_t;,: GOTO 51,t
3G'/I 5(_B XnTBT
3_(_t 5t 1 TNE_'=T.E%S-TQV+X

tsa.i',t,d _i[._il 'l,ll_. ht,[, i,o]'qll_, I tile t'lll",:llll' W]_.l].. II't)Vt9 d, tltll'i,_.tlll lllUlll,t:q' O[' dO_,_'t't_l._,

Tilt, _ {:_tlllt_,l't_l,1 I'tll.'lll_l],l_, ;I C,I

Nt-rl, 'i'orqtic : /_,l't*t'c'L,:lv_' HolilOlit / ,X- i Al!(!:ula_l.'_ o! I lic,]'i,l a, / _Aoculcl'_tloll!
,i /

NtrWt.,oll_ltl_Jt,t:lYi: KL_,lit'_ '.._di_llU/Uig,c;j

Slncc _ Nt;wtoi_i_;'the l'oret:]'equirt_d to _.rccelerc_%oone Kg a% thu ±'ate of one

IliUi,ol_ pul* i3oeutld per t_t_cotld 1%,he ._-I,bow_ _-.qtlU.%,']Olicht:t;k=_ d]lnOllt_J.ort:t]]y,

Ass_mle flail, the cllglne i_ idling _uld the ei:gine itself has _ monlon% of

].nc_rtj;_,EIN. Let AI, A.-,_u_d A3 bt-,thi._cr:-ulkshaf_mlglo illradi_uls for onetillit _. _,tt:]J iD. tl,_: pa,_3t t tl'_:• ctlr/.'ell't tao_lt,ioll a,l)d olle time t3t,ep ill the futurep
,mr ] -,• - • ,zesl.uctlvcly Thuu,

___2 A,_ - A1
DDT DDT

TNET -_EIN DDT

The mlgul_,r velocity Obll_G is defined at (A2 - AI)/D[_I'i mad the aatgul_r incre-
nient DANG _-,A3 - A2. Ht_klng these mlbstltutions i one ctua obt[tilll

DANG :-_(DDT) '2TNI_T

_i li'i,he Cal." iU il;gt,alr',the iner%ia of the vehiclo must be convel'ted to
ul'fective Inc,rti_.t_u soull by the tgl]_S].ll£',Equate thu kim_'t].ccncrg,_ of the

v-elflelt_i.o the roi,atlomtl unurcy of _uluq.ulv_tlt;ntflywhuul. Thusl

-'T,

i /StYlie
, VIN , MIV_ob_/

O0000001-TSB14



_; .

where SPVI = vehicle velocity beginning of time step, meters/see
OMEG = ongine angular velocity, rad/sec
RGE _ meters traveled/engine revolution

The quantity RGE changes as the gears change and is calculated later (lines
395-419). In the general case the equivalent vehicle inertia must be added

- to engine inertia EIN .......

_ Therefore, the angle increment is calculated by the formula.

_' 3a9l C CALCULATE ANOLE INCREMENT

_i 35_: 512 DANO=DDT_,2_TNET / (E IN+V IN) +DDT_MEO

Now that DANG is calculated, we must find out whether it is suitable. During
the first part when TIM was less than THU, the time step DDT was chosen to

give accurate but rapid calculation of the heat up of the engine and air pre-
heater. When the engine starts to run, not very accurate calculation of engine

i performance can be had if DANG is more than 0.5236 radians (300). Therefore,if DANG becomes greater than this, DDT is halved as many times as it takes to

|. become less than 30_. If engine speed should fall during the driving cycle
because of a gear change or a specified speed change, there needs to be a

| way to increase the time step again by doubllng it and if necessary, redoubling
_ it till the angle change is at least 7U (0.12217 radian).

_..i. C ADJUST TIME STEP -_0 THAT ANGLE INCR. IS .','7 AND E'_,._._DEG.
-"_'"_..-,=• I F'.'.DRNG-Q. ='_,_._-,B,_ "5t5.,' 515, 513.
_._-_. _ -_-.__. ..,I_ [':.,[:,T=r'>DT./2.
_..._,4. GOTO =-' "
=.,..,... ...,It., IF<DRNG-8. 122i7>517, 517, 5t6
-7:5.4: 517 [:,DT=D[:,T*2.
-':57" GOTO .=,'°"

Next, the engine angle in both degrees and radians is indexed. If the angle
L is greater than 360 degrees, the computer won't handle it as accurately so

the program should keep it within _his ramge.

358: C INDEX ENGINE ANGLE MEASURES
359: 51B EARAD=DANG+EARAD
36_: EADEG=EARAD/RAD
3S1 : REV=REV+DANG/(2. _PI )
362 : IF (EADEB-360.) 239,240,240
363: 240 EADEG=EADEG-350.
364 : EARAD=EARAD-2. '_'PI

!! Since this part oi"the progra_nis entered once per engine revolution, it is a
°i good place to put the or:leeprogram. If the t;raphicoption is on (QI = I),

the progra_ co_mt_ the n_ber o£ revolution_ with the revolution counter,
NER. When it reaches 5, it re_ets the cotmter _uldc&ll_ ,ERASE.
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. $651 C ERRASE PV PLOT FIELD liFTER EVERY 5 REVOLUTIONS
.'. _66| IF(Gt-I, )239, 151, 23¢J
' 3671 151 IF(NER-5) 152, 150, 150

• " 36Bs 150 NER=O
'_ 3691 CALL ERASE
: 370| GOTO 239

3711 152 NER-NER+ 1.
_- 372 t 23c.I CONTINUE

: The subroutine ERASE will now be explained. This subroutine (lines 887-921)

_ using the conventions for the Retrographlcs package and presumably for the

_, Tektronics Plot I0 software d_aws a sacies of black lines. Each llne goesfrom 2 to 777 in the vertical direction (see Figure 4.3). Each time _ASE
is called, a series of black lines are drawn from the horizontal position
710 to 1013. Although the number of plotable points in the horizontal

_ direction is 512 and the addresses are 1023, it would seem that every other
| address would do a complete erase. It did not. By this m_ans all the pres-

i sure-volume diagrams are erased so that one can see where the new ones fall.
(See Appendix 0 for additional explanation of-thls subroutine .)

I "::_".:,,_," C "-.:.,UE:F.OLITII'._E'USED TO ERFISE PV [:,ISPLR'_' FIELD

,,,_. :::_:,'-'.: .':-UE:POUTINE EF'RSE
....... _:,ol I o;> ::.',::_'.9 ItJTEGEr-'. ���„US, CA.,ES.,DE..AA.,YH.,YL.,,.,H.,,_.,L

:::_l;'l FT,ATI:I is'_ l.IS, CA., ES, _E., AA,./29.,--'::_.., _:4., 27., 127< '_7,.:

,°9'1 C,O _-.:N_P=7:1.0.iO'i_
':_'92 CALL. CONOUT ,.'.GS')
,99-' CALL CONOUT(ES'>
E'.94 C:ALL.CONOUT (C,E .'.,
,O,Cl_ L U--_._ "_ '":..",.@'_..')

096 '-'L=rIOD,C77,.",_2 ',+96
'797 '.:',H=JP,.'_2+_2
_9:_ >::L=HOE:,,,'.lp, $2 ',+_$4
':=99 C'ALL. C:ONOI.IT,'.'.YH ":,
'_F_'t C'RLL CONOLIT ('t'L _:,
"_(_1 RFILL "_ONOIIT,I'¢H',

i' 90;.7 C:ALL. L.,JNOIJT"",".._sl_'",

'7_0- [',n 10 I =t, 200

'_0.I H=I +1
90,_ 10 C,nNTINUF
_O6 VH---2.".-.":2*.-::S'.

'_c,7 '4_ =t'!O[', _2, -'.':3;,+'_-':
'._01_'-; C,ClL.t..cCiI'-IL'!.I_IT°'i".'H"
•-'_¢r_ CRLL C:ONOUT,:'YL ':,
,_i,t'_ I"RI..L FFII'.]OIIT," ,".:',!-4,
,a]. C'RL.L C_'LN'."IT,":",L ,
t',]- r,c F'O T=1 3C,n

:'!- H- I+!

'_I.4 20 ",T,t4TTNHF
,:ilia, F'_i } cf_l%lOll'T,[':. ,

':_1_: C'FILL '."O_'iOUT,"A_ ",

':_I 7 I'I_I L L-FI._'JI_II.IT'I. I'--.',

,-"F! '_ "N I[. I.'J_T I I'.JI.IE

'-,;-_'i'i I;'E TI. F'N

':_;r'!. FNF,

24
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ii Now that _II_'epor ±,_le _top lla._been cheapenr the next thing iL_ to deter,line
wh_t nholuld be done with the onglne preI_uro. When [.|leengine i_l Idling t tht_

i_ englno presslwo i::ILdjusted to koop the engine speed adjtmtod "tom_l_nta%n :_

_;]mclfiod ve)_cle speod _;ehodule. Therefore, TIM is comp_wed _galmd; TI2,
the ctmmlative time in which the engine is put In goL_ io detexmllne which

method is used to adjust presmwe u_Id to compute vehicle ino_'tla and vehlc]e

_h-lctlon (soo Flg_we 4.4).

k" 373: C CHECK TO SEE IF ENGINE SHOULD BE IDLEING OR IN GEAR
L_, 374 : IF (T.I M-T I2) 519, 5 LS_-5_O

, If the engine is idling, IGI is set to I. If it is in gear, IGI is set to

2. So far it l;r_kesno difference subsequently whether IGI is I or 2.

Possibly later modifications may utilize this.

i. For the base case driving cycle, the idling come_ before the driving. The

. m_Tent engine speed, 0MEG, is compared with the specified idling engine

speed OMI. The valve setting for the addition or removal of gas is dia- 5
grammed in Figure 4.5. Three vs_Ives are used in series _ee Figure 4.6).

Valve i. A slide valve which is open between +45 ° 1_om bottom dead center 0I" !_
each piston Jm the fo_w cylinder array. The opening of these four slide ]
va_ives relate to the engine _u_gle as follows:

Table 4. I

ENGINE PRESSURE ADJUSTMENT SCHEDULE

Engine A_gle N_m_ber of 0ylinder N_mber of Working

degrees with Slide V'_ulveOpen Space Having
Pressure Ad._usted

315 to 45 1 4

45 to 135 4 3

135 to 225 3 2.

225 to 315 2 1

Va_Ive 2. A throttle v_ulve which is closed when the engine np_ed is exactly

the desired speed. At a speed difference, }'BIS,on either _ide of the speed
gou/_ the throttle valve become_ full open :_tMIR.

V_ulve 3. A switch valve. The t}wottle valve i_ connocted to the }dgh

press_we reservoir. When the engine upecd is below the deqlred spoed _md
to the low pl'eo[uwe rot_ea'voir when %he OIl_ilie _peed :h_ _bovo the de:_'!t'od
speed.

The au£hor l'ee]_ tl_t thl_ control _cheme tt_ reasonably really:tic ;rod :_Imtl:w
to control _chenes actuall.v m",ed. Other control methods e:m be md,_:tlt.ut, ed,

25
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EngineSpeed, OMEG

9,1c;uro 4.r_. El_gi1_' Steeled Co, ll,rol Scheme.

., High Pressure

I 1 Cyli"derl Reservoir i

Slide Valve
Pump

ControlValve

Switch Valve
i
l

Cylinder2 Low Pressure il
Reservoir

Cylinder3

Cylinder 4
.,-:;

t,O'_,trO.[V_L'Lvt'::,
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i 375: C ADJUST ENGINE PRESSURES TO CONTROL SPEED WHILE ENGINE IS IDLEINg

37E: 519 Ig1=1
377: IF(OMEO-OMI)830,8_O,84_
3781 _40 IF(OMEG-(OMI+PBIS))G_l,B41,842

.? 379i _42 MIRI=MIR
380i GOTO G_3

-. 3BIi B41 MIRI=MIR_(OMEO-ONI)IPBIS
,+ 3B2i E143 X=PRL
:", 383i GOTO 855

3S4i $30 IF(ONEG-(OMI-PBIS))831,831,S32
3_5: 831 MIRI=MIR

:,, 386: GOTO 833
3S7:.832 MIRI=MIR=(OMI-OMEO)/PBIS
38C: 833 X=PRH
3_9i _55 CALL MASS(IGJ, PXtMIRI,DDT, X,PItERDEG)

The above prot_camlmlng _mt_ up the _ml_rou_&no to c_cu]+ate _hlch c<,mp:u'QImlit

.in to havo :I'[,_ £;a_: ].nvont,ol"y mlju_i,t,d cmd b,v how much, S.l.nco th]=_ I_ tho

t'Ir_;t tlmo the mibrout.lno :i_ tmodp It, xq+l].l be oxpl_Llned ho.i'e,

For txtoh tlino _tep one oi' the gotw eonlpaa'talloll{,_ h_LL_ e';al_ atddod t,o or remove, d
I'roill ;tt. The ga:_ tn added at inlot ¢oollnff, wato," t,emporatttu:e to tho :tdlattx_tle

cold _pa.ee, lt, i_ rolllovt_d _t{, the _:ulto place it, I_ add_d. The, working ITa(:o

%hat l l_tt_ rocoiw,.d the {_o.n ch_uige it_ noted by =_et, ting fl;tg ld.] t.o II 2, 3 or /4.

In the t,rovlou_ proca:aunmJng X tu t_et, :tt. tho hlgh red, ca-vole lme'._m_'e, }'RII

{ltlit, _4_ ol? t.ho ]o1_ l't,_tu'vo11" pre=_=_uro, I't{I,.(].lilo {{2), Tho proc, mn'e .ill

t+he _o_:ktn¢_ space that 1=_ h_tvlllg l t._ pro,.muro ;tdjtmtodt t'Xl approat:het_

lwe_=;ure X exponewLiatlly _iIh at t.+_llit, COll=_t.ttJll, NIRI. }ILK1 _._ _et tW the rotor
In migim_ _q_oed, O_lg(,, eomp;lired to _hat I_ doest.rod (qeo l_Igm'e. 4,5), Sub-
rout,trio NAS$ i_ a_l=_o <:atllt_d l'i'om ].]lie 14.140 where t.he c.ont.rol t_ from vt_lttclt,

t_l_eed :i'athor t.t_iai t++ll{(l.llO t;poed.

Ol:IgltXaJ.lv, ;Xt, t.hlt: point, the llumt_ of t:a_ ill {,lit, l_orkillgg t_txl.t.+.e i_l_l,t_ :tdjtu_tod I
t-.htl8 tht, ll;l, llll,, IIy tLXl_tT[t,llCO t .].t I¢_t'l l'Olllld that, tho pl'Otl+.ltll'o lllllIi_, lit+

itdjuoLed ltli_{.o, td t.o aiiLJ-ll_t,:l_ll titUlitZl;idgiJ, gaC&b]]._.t.Y,

':2'56 glJF.tPI)Ol INF I"IRSS': IG" , P',:':',,P'IlP1. r,bT, ',4, Pi., ERDFG,"
_!",';7 17,'t HFP.,I'-';t r+_ll P I ,".I",
:q%¢+: I;'[:FIt Hi-.'., I,IIPI

,::r,,_ lg"gt_['[:t]'-'45 ':TiF, i"t, :',F;t_, 1q<_17

,_:,':._+ ::4._i'_ lg'EFll'gl_-l-m ',mg2. :qg2. _rJ_-

:'-:r_1 1:!+rS-,,", IF, F_I,F_;,-:'2 _, ",'.'_g,l_q<.l,:..',5,'
';. ':-.',:.." "+'.',7 IF, ERDFG-7.1 _, ",:--:q:::, f2c,i'i, I_f',t'i

! '."7+i ' a-ill '+ i+'Hf*llli+;F IPI ill+lP} IPIi-+ '---PF:II'_F t

':',:-:". r". :+ '. '.++,F't, I ,- '. '., +F'. :F'"- HIIo I +r,l,1,
'-!lq F_ eli'J1'i'lla 7'-i

'.:It:;,+ i" t71t:+'.';FHFtlqI{+F IN I,II-IF'I'IPiI'_ 'TT'Ft"F ,i
',:21-*:", I'-I;l-o t (l+ ,1

'", Tt t+it-il.l+l,:,..,t,



i

r ,:,:' i F" ,'_FI'-_,"HFIPJ*,F TH MFJPF"TNG '.--:.F'F_F.'E-

_"_Tr; I': 1"4}'-'I'7_ I'H_.,II_'IF [l)'_ IJOF'F:'ITNG;_PFII?F :5'

_" ,':'"':'._, pv _,;..,,._,iF'] ,":",-Y. ",-,_','P..,,,".....1',11P1 +,F',r,T",
•",, ,:, I;'ETI II;'1'.,I

The final thing that needs to be done in thla branch of the program where

,,F' the engine is not ill gear is to find the new engine speed. This computa- 1
=, tlon wan delayed till this point so the old engine speed can be used to
' adjust engine pressure.

39_)I C COMPUTE NEt4 ANGULAR VEI.,,OCI,TY
391 : OMEO=DANB/DDT
392: (3020 50.1

For the case where the engine is in gear, a more complicated set 01" deter- !!mlnations are required. This also is diagrammed in Figure 4.5 (lines 393-449) •

The first thing is to set the gear ratio (lines 395-420). The equivalent of

a clutch is modeled by having the gear ratio change from 0 to the first gear

ratio RGEI in the specified gear chmlge time GOT. The programming specifies

L a linear change in this ratio. Figure 4.7 shows how the other gear ratios

for the second or third gear are applied depending on the vehicle speed. A i

}: linear change over the same gear change time is programmed in. i!

i

d a RGE3=2.00 )i

or,- ,

One SecondGear ChangeTime i
i

.,_ i1

o 54

t: I I EngineSpeed , Meters/Second
,_

- , I I I ..... I + . , ,if i " • • II I'" I" *-illll" II I r-i--- i]]_ .... -- .... -, - .ll ii

C 0 4.47 13.54 "-

li FigL_'e 4.7. Ge_r Ratio Control.

_e ,q,' VO_l_ qI!AI,IT%'
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_,m.S: C ENQIHE AND VEHICLE COMTROL 14HILF E:NGINE IS. IN GEAR

E:.94 _ I t3;I._;::"
.':"95: C: GERP CHRNriE TIr'IF FIPPLIEr::., TO RLI I:iERF'S

797: '.I.78 IF,':TIM-,:'T12+GCT> )'.BL3rt.,90:t,."_3:_
_'9_: 9C..3 R_3E_=(TIr,l-TI'2_,.'+.RC_EI,.."C_CT
.?,',99' OOTO 9_,.3
41_19: 9£II IF (SPVI-YSP2_,9136, 9_35.. 905
40'i' 906 PQE=RGEI
482' GOTO 91B

48_:: 985 NOC=8

4c.14: TIMX=TIM
4O5' GOTO 9i0

,1.8_' 171 IF,:TTIM-<TIbll"I+GCT"':':t62.,I£,.':',i_

40F 162 RGE_.:RGEI+<T TH-T IM',:-::>*,"RGE2-RGEI ",,..'GC.T

408: GOTO 918
409' IGS CONTINUF
4.1.CI: IF,'.SPV':I.-VSPST:,9OZ,90:_,9_8
4'.I..:I.' 907 F'GE::-'RGE2
4:1_2: GOTO 910
4:t_ 913:9 MCiC:'t

414 ' ""Ih!;",=T IM

,1.1_ iT2 IF,': 1"TN-,"T IH:.:+GCT > ",:1C6, :t........
4'.1.7' '1.e:6 PGE'.,:':.PGE2 + ,:RGEE.-PGE2 :',+'.,:'TTt,l-T I HI."., ,."t'4CT
4I.9 Gt'iTO g'l 1.3.
,I'19 1.67 PCIE=:PGF"'.
•12_3 GOTO'_I.CI

Once the ge_r l'atio is determined, the effective vehicle inei'i,h_fVIN, is
dei,crmlned, This equ:_tlon was derlved in Section 4,.2,0, ii

:i

47"i.. ," RC,DTTT_DNRI. EFFECTIVE F:HCilHF IHF.S'TI_ [',tieTrY' =_'!..E F_TTRrW,IFNT

I"2,.. CLI.O Y'TN:::t'II",:"_':,"PT,Ev" 2 ,_F'I ' ",:_,+:2 ._
!

Next, tho _chedtftod w:IL[cle .'_peodnecch-_to bo dotermtncd, to decide which wn.y i
i,hecontrol uill _o, Resident in the pz'o[9:'__ii:_a rtu_Ipch_:ulgeIn _;pecd
Crom ::,eroto i,hc eriLisiug speed followed by a ste._zd2Cl'ui:;l.il£__pocd uirtll

i, he cud oi" the dl'ivlug Cycle,

47:,- r FINE:, ,:-I:HE[,LII. Er, ',.,'FH!'TtF ,--F,r.r[,
4 ;-':.',_' I F" T IM-T I T ', '"_1',:.',':'.1..t, '_.! .I.
,1.3_, ",i.:" ':P',?F_-'.:;F:'t'!_,'rl ,r,1.T 1 ','_",,.'TRC
,I,-'_- t"iF'T'n'_ 1-'
,1,' ' ':' 1 I ,::p%'r,.-'_Y'r,t

'['hc _d,hu:t.meut. or e.nt';lu_' pre:;;ulrc t,o vonirol vehlelc :H,_'_:d I'; ;'l:Lthl',u'd _11
a.ut,oluoi:_ve ,'-_%.tr][ul': tul/';illt'._;, Ot,h_']" thiu/';:; ]Jk_' du:ut wq_ulu, cotrt:rJI or p:!.,:--
'toil_:IvoM: c(mt_:ol e_Ln t,_,_dd_'d eLL;Old,iour,_i, i,Id:_l_o'[nl,. 'l'llecont,t'o:l.

i_ :;oll_ull_' .ii; I,cu:_t]lt']W]t.ll thud uv,t'd t.I; c'tqill't,1 t'lll<':]ll_ ' ,';l'l'i)d tltll"_ll¢': 'lti]t'."<" ' F :1 . .3 II" t.hc' wq_tv[<' v>t,_','dt LJl'Vl ll;w] [ll[ll thi: lU'cq_ol'l tol,,tl

Ii _ iJt't L",i TL'I" , I,

i,,uid c_1'1;14VDof tlic i:chcdult'd vcl_,le]o :q_t'e(t, St'Viii Ih,'ll It+t" \';tlvt' i:,'ttlnc:
N]I_I li: I,t'c_l,or/ioiltL] {o I.It]'; t'l'l.'Ol'. It'tile' t'l:'i'Ol" ]:; [,_'Volid lilly, I.Xtlid ili

_,1 lht,r llirt.'c!.].olt i II_t, v,tlvo :'4,1 I _llt,; _i', HI17,

i '
J9 i

#

l
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Once th_ vL_Ivesetting is determined, the swltoh valve to connect the.ermine
space to elthar the high pressure reservoir or the.low pressure reservoir is

, sot by making X either PRL if gas should come out of the engine or PRH if
gas should,go in%_ the engine. Once thls is deta_minod the subroutine mass
is called because two different pa_ts of the Ixro_am uses it. Subroutlne

,._ determines which engine cempa_tment gets or giws %he gas. It identifies
this working space for IL_ter.use (sets IG3) oa_ddetormine_ the new pres_lure,

,, PX. The subroutine ha_ already .boon oxplaAnod in this section.

4,.,-, C: RD.YI.IST ENGINE PRESSURE TO CONTROL VEHICLE SPEED.

i' 429: '_' " . ......

.i_ IF<gPVI-gPVD)9Z_. 940, 940
4T'_: 940 IF,".SPVI-,':SPVD+PB'v'S>)941_ 941, 942

_4,._ H IF'.I=HIR
' 43'2 GOTO 94_:
-: 4_T. 941 M IF'.i=HIR._,".SPVI-SPVD >,.."PBVS
I: 4_:4• 94_ ',,,,-PRL'--

'$-,..,. 130TO 9_.-=,

_ 4_g _-:Ci.......... I F,CgPV't-," gPVD-PBVg)_.>9_i, 9_i., e_._..,,.,.
4_',' : 9.-':t HIRi-MI_'

I 4-:,q ' GOTO '97._

"_. 4_'_. 97'2 MI R'I ---MI R:+:( _PVD-SP%,'I :,,.."PBVS
,.$4c_ 97:S ,.,=PF,H

,%' , ,, %_,44i '__..... C.RLL t.lRg'-_,:'_......IG_, F,.,.,MIRi, DDY, ,.,, Pi, ERDE3_

Next,.the rolling friction and air friction are determined. The rolling
friction, RF, is in Newtons of retarding force applied to the versicle. The
formula used is from Reference I. The air friction formula is from the
same stance. The _rigiwal rolling resistance formula isl ..

= + ( .zxis 2) I
where V is vehicle velocity in feet per second a_d W is vekicle welght in
pounds. R is the rolling friction in pounds force.

Units _d nomenclatt_e have been converted to:

RF = rolling th:iction,Newtons
MIV :-_inertial mass of vehicle, Kg
SPVI veI_cle speed, meters/second

The air drag.specified is for a combined drag coefficient times i_'ontal_rea
of 12 ft2 ..-.1.12 m_ :-_AFR. The air ITiction is determined by the formtZla_

2

where AF :_ll"friction, Ne;_tonz

P ' [_iI'dcns:lt,y __t, 300 K

x  oo  ooo  ;IK i
I.177/4 Ks/m3 " "

, /LFR' front.:_l cu:ec_timtm flow cocfi'tctent, m;?.
SPVI - veh_clt_t;l)Ot?t| , m/t_UC
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. In aNTLA, KAR =. 0,_9 (AFR)
,;

i'_ The rota_dlng torque that the rolling m_d air frictions of tht_voh:lelo l_pply

: to the engine _no depends upon the gon_" rw_io RGE.

442 I': TI3_'.OHE DI.JF. TO ',/FHI£'L._ FLI.I. IHG FPI£'TION., FtTP. VF'IF"p'TF, H
_, 4,1T _.'F=,MT',/* ,:'.0. 'l_:t H13aE:,'2"r'+.cF",,,'l+lTt _3_ C.1_:1.'D%+"BF",,'1 +* ;.'..'"
:" ' 4,t4 FIF=KRP_ ._.: �:?

RF+RF • _.'1_E,, .,z.. +,P I ",

•_ Finally, sa'ter _II the uses for the old engine speed (_ngul_ voolcity) s_d

the old vel_cle speed have been applied, new values for both of these axe

I calculated in this part of the program. The engine speed, OMEG, i_ calculateJ
the same whether it is in the idling or in the in-geax part-_f the program.

However, they caxmot be combined because in this p.',_0tthe new vel_Icle speed,
SPV1, depends upon OMEG and also upon RGE, the working gear ratio,which is

only defined in this part of the program.

4,-1.g' C: C]I"IPUTE NEW RNGLILFIF._',,,'ELOCIT'¢
44,. : C.Ir,lEI3 .-.P..,RNG/'DDT
44,-, C COMPUTE I'._EN VEHI.LE 'E,_EE[:,
'44'_ ' " ' ...... ' ".,_P',, 1..-OHEt_.$PbE,. ,..,.=.._._:t:']"

Now the two psa_ts of the program come together. At this point a check

display to the screen is included so that the operator may monitor the solu-

tion more accuratelg thsa_ the graphical display does. (See Section 6 for
additional details.)

450 : C: ONE L INE ..HECK D I=,PLH_ TO StT;_EEN

4Ji' 501 t,IRITE<5, 8¢_3B>TII"1. £'FF., F.:EV.,OMEG, gpV'l., '_¢F",,'[:, RGE. NGC
4..,_ 803:0 FOPMRT (7E9 -'.'.,IE:",

Whether the engine is stopped_ idling or in gear (see Figure 4.4), the

cumulative time counter, TI]4, is incremented.

452-: C INDE'/,T IME

454 T IM:=TIM+DDT

455 C:: _*ENDENGINE RND VEHICLE CONTROL SUBF'_.:OGRRM PART i

This is the end of the explanation of the engine and vehicle control sub-

I_ogram--part i, _,xplanation 0£ the other two parts will be given a__ they
appear ill the progrs,_.

4.2.7 Burner and Conduction Subprogr_m

This subprogra_ "-_Iongwith pazt of the control program is the only one op_'a-

tlve when the engine is stopped. It t*_kes care of controlling the average

temperature of the heater tubes at the target temperature and figures heat
conduction tlmough the engine to the cooling water. It also computes the
transient response of the air preheater.

31
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Ti,ik_ lmbi_rogr_ull t.11.11 bo i_xplail_odtn t-,ll(_ o._,dr,r ol' ,?,;_I[_LI].II.[.]_OII, It_W[worl
I_(:l'ort_ V,_I','/ llltlUh ].i1 "t,Jl.l.It IM.l_]./Y£/l.ri,Uli W_I].]. Ill:l_g[ _ V,Iqll?,O I _110 litlllli_liO.]:l,{.t[L 'O mtuT/t,

b< _'X[Jln,}li()d ,

4,?,?, 'l,.•N.nd:.d..Org,lm;L:;iLt;tlul

Fll';Ui'i,4.B l_llm'I,q,'Lli_;ll,_m,'L£1L_Of tiio l,.rn_r ,uld ,'LI_'p_nl.wd,_,r. E]gh't l,lnt_L1
]/O_'l,f_OIl:lJb],O llIC_ ]?l.l,12y !

' (i>,(_,,tAlill_'ll't]-x A) , "Ihc) Ino,t,_l.1 llodo tmlilpnrld-,lu'l.,i_, In t.l,o _; ,_
to [.,_(_) Iiiillt'l, I)ll 11111,]:Ll.l',Sllt] '50 llolllb;_fill], o1" WllIVi_l-lW)l' '!_lic, ,I,tl])i1%,X],_ll illLyl.l,
(_l);' _()t_,[,],Oll It',v,," _,). i

= = z = _ = Fuel Ji

" " " dI --L
Amblent ' Preheate Burner

Air
EX()

Plue Gas

UU
Air Preheater .... TM(3,1) TM(2,1)

GasHeater

och_;mLLtic, i
Flgtm'e 4,8, Bc_ner _md Air Prehea*,el' <'-' ' ' " •

Figure LI,_)[ihow_ the m_t_l node no.llencl_ture for tho engine needed for burnor

hu/_tlnt,;,lle_Ltconduet4o'.l,and engine operation, There a'o 8 metal nodes
defined, Each node ilas the following propertluIDl

: i, U. teni,perat<iro, 91(X,Y) , K '.' 2, _ loc_ltioll t V_](XiY) ill CIIl 3 01"_(iI_volume from 'the hot end of ti_e
c)llT:;;[Ilc_43o IDhe liodu po'lllt

J. ;[ 'Dlit'.l'lll:t(10olidue4;[Vlty t _(X) l ih/'oll/ "the 11o(tl3 ])otllao {o tile 11f3X(

lower ollo_ w/oill K
4, c_ lle:Lt CCtp_Cii.yi ON(X)I of the m:_tt:rt_l sttvrouridtng the node point

;-. to half l_iiy to %tie next IlOdt9 ]lOilq_Ol WIK t

!"; hl i.he above ll:-_'t,tl_c::igrtu_onl;_of %he i'ottl"Lta'l'cLyl)d_l'llledwore ll_;%e.d;_-:
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),.

/ X m{d Y, In thin oano X in tho nt_lbnrof mnt.alnodon, 8, toldY i_ thn
: l_imlboro£ working np_oon in tho _nginn,.I+.

i_!', Tho V,,u._vol,,,nllon.nml,Ltv-?n£_,.t,,oongil,.In ,_inonhow,,nl,IP_.l,Dtt.o4,t.j,
,_ VIIA(X,Y)In tI_ovlrrli_b__oI,ntvol_m}owhloh ill_umlmmd to,be i_dl:d_n,tl¢_. Tldn
,. D._ ,'L v,,rygood _umumpt!ol_ uxoopt for i_ ,,m_O,1 ,l,ovt,lo_ oJ' o_ud, cybele, X In
W.r for th,,b,v'_ilm.il_ty,nardul|dn£ i,h,)i.:t_lontop m_d Y _n 1'nrthe fotW oy]-lln{o._:r_

i_. of tI{,_m_Ld,nn,
' _.Im;11_ur-Ty,,VOA(X,Y) ,in l,h(_v:_:.IM-*l,+¢.,¢Idv'ol,mtna,,,mmn,{I,o bn ,_dl,_b,,,tlo,

[;;i TI,_oon_vl,tmt,.{,,_dvolumol};we aloe Id,,lrL,.},fl(,d_u l,'.|.d;lw,,4,9, Thn t';:u-}:It{
}'" t}ItllltlVO]A.IIIIOII',_I}IiiIiIiUli(_t|_',0({'[,tIl,_.l}llIO'bI_'{;OHI,]IiwI_tII_'I}OllO0 t](&U}|t!,yi;1(],_li

i.,l.,tHiI.'_.l.llt.,to].'(|IIOIklld_.IltOL'I1_l_}IOl_tid:lUIt_I'o}'I_Ii},_,1"OI_:I._II! _}I,_II(IIt'biv,va_ILr1',q'_'o,l

i. (Lt, t)(tOlt IllO't_.], Ilod.t'... ;1,t_. OOlll].,wi',od :['o_y t|litl ,,._(1_11',11I,]L'ILt',| OlI, AI"I,OI'W_LI:'(t the i,t}ltlJ,t),l?_L-

i.ta'u_el'the methylhod(,nlut'oad,_uutt)dbtmt_uucof tinct;hot_¢,'gr_mnl'o.r,l,'ov
• well dc,tfl.gnvd(mglnut.,{the u,nt.,ttlnl)tlonof IL1otholrlIlo,l up(l,c¢L41in (.I,lloXOOpl,

' r]'oz'th,_w_ri_ble vol_._e,U)_oo_;1__'d3ly good,..The _numpl,ion w_u_n|_tlt,to
t_peod lq) thu t;_Lc_|l{_tiolt,

'the thermal conductivity _tt_ched to met,_ nod,eu i to 6 it._ the wt_ttnof h_tt
tl'_t would p_, per °K of temperattwu difi'orellcO, It poz'tainu to the path
tow'd_d thu next lotcur node utmtbor, Note tho.ttllosO tl}orlllo_ uolldtlotivitio_; ,xt'_
the uame for _I cylinders.

The heat capacity attached to mct'_lnodes i to 5 determines how fast th_
t_mper_Att_oof e_.cnnode ch_nge_ duo to thermal imbal_nce. All m_tal nods
temperatures are adjusted each time step due to external convection and meta_
conduction.

4.2.7,2 Heater Temperature Control

Now we will proceed with the explanation of the program.

The first thing is the indexing of the metal node temperatures in the aia:pre-

heater, In the tmified printout Qsee Section 4.2,4), the temperatures of the
air (TIN(1)) and the flue gas (TOU(I)) (see _igure 4.8) relate to the original
air preheate_ metal nodc temperatures, EX(1), rather than the metal node
temperatt_e_ at the _nd of the time step EY(1) after heat tra_mfer has
t'_en place, Therefore, this indexing is done at the start of the subprogram,

4_e_ C: ***'+_'+'E:I.IPNER AND HEAT CONr..,I..ICTIONSLI_P_,!,3GRA¢,i
457 C I,_DE',:.:,APH {"IETRL NODE TE{"_'PERATI.J_ES

; 4'5,8. DO 8050 I---l,, N
459 ' :._t'_BO El.'.',(I ', =E',',:'.I ')

Ii Next,,the average tt:mperaturefor the gas heater metal at the start of the
time stop is fmmd. According to Figure 4.9 th_ gas heater has a node on
each end of each of the he_turs, These t_mperatures may be dif_brsnt due go
different conduction _;ffectsor the effect of the gas flowing inside the
engine. An average is taken of the temperatm'e of all 8 metal nodes (2
for each working space),

34 I
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,It n _ t-ItS[, FI',,'KF'RGF HFRTFP TE[,IF'EPFtTUPE FOP C:I3NTF!QL pLIEFI3_.,E..,
_. ,1_:! .thai Tft-., FH, ,.' L",+TH,;-. I "+t"H,"2., 2)+TH(7 _, 2_,+TH,':2., ::_I',+TH,:3:, 3:':,+TH,_2, 4"
"' .h.,' t -_TI't, "-. ,I , ,, ":'.

TIIOll LJI_ I.,_llltin;l';Lt, tllh_ lll',PLd' ;|It l|t_|.n]'llt_lllt[l ltll_l L)ltt (3LLI:I_OII'L _}111_ _'1o1_ 111 d.n£_-

_-" l_dll_lli¢_i:_I} I,I_l_|l,I_l.ll._ll._,d_.I'll_i_h_.I,TR(_ l'u,_]_u_t';o.I.':I_¢);IIi,IInni,:_._-'l,Jn ILlno

011_] t_t' l,lI_ l,l'Ot';l"llll,

I"_ AVERAGEHEATERTEMPERATURE,TA, K

. t_l"'l.t'3_l'd :l,lO, _,:_,lltJ.'01 SclIL_IliL' !'el" l_nI_tlc }It'wt._'l'U,

;..... :i
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4E;_: C TEblPERFtTURE _RROR ,:'.FORCONTROL
464 TE=THI,IG-TR
4t,._, C E:.t._4F!RFJ_ITFI.IEI. FLOl,i
466 IF r:,TE'' _"_t8J,.40_, 486
467 4fl_ CFF=O, 8i*,FFF
4619 GOTO4a9
46'9 486 IF,:'.TE_TPe"_4t.,'tl-G.,48?, 40?
,l,'_l407 I-:FF_FFF

i:, ,I?:I. r_OTO,¢@9
, 47;; 4fllFI. 17'FF_FFF.t, ,:iTF,'.',,."TP8

., , 4, ,:, 489 I.'..,I.',]NT| NIJE
m, , m4,?,_: FLII_L'_FLIFI.. ¤�”�.FF,I'I:,DT

' 4,2,7,3 tio_Lt _L'm-m_iforPl-_otoi' @lloull._tioli

Thil.l rloxt lJ_ot, o£ %ho lltiti_[i;[*OL_,l'alll he41 tO dO with CLd(_lil(_t,,'Lll{ _, hoLi,'l, 'b'Pti,iiiJfO,i?
" J'O,g'bol'L] to tlile ill t.lOllllitl'lDJll{_ howl; "bI'lJ21tll't)L' tl1 'Dho 1111' lll't)hoatol; luld to tl,o

Oflt_lillo }lolitu:c _',L|bi.llJ, . _ll}Otl 'bhll[} ]ii'Ot_kJkll] t[1 _O|ll_j.lOl.l_Otl I],ilf] lliilO0 %l'iO l'Ol3ti]'t;ll
involve uoi'rel_'l_ion-i tl_t 'amo only t;o¢×l to +20rJ i :l.t WaLldoohlod 4:,0V,o tl_'oul,",h
It OllClO L_% %he bOL_illlllll _ lkild tholl I]_,0 tl_ou[;h :Lt _lliil when tl_,,_,fuo1 i'_Ol# htl, t] : i

cliant.-,jed liiol'o tlla_l ',I0_ i,l ei't,t_e_' dirou'i,._on, TIw l'ollowini__._liowl_'t,ll,_ it' ntM, e:
lliOlltt:l tl,_t diz'eet the C.[llt_til&'{_ioll IL_L'OUIId %hits _r_6 _f C_'L< CFF < GFH,

47_' C' I.".'HANI.3FHEAT TRANSFEt=' FA"I.:TL"IRt.-'.,.T.FC'FF HA'._;C:HANt3EDSII3NTFI_f?ANTI.','
476 IF"EFF-CFL. 4£14,4,_':0,,_-':';",
477' 404 IF <t':FF-I"FN')._ . ,_"1".'-,...:,.,421"_,,ll:J__..

Thts next p_rt glves the basl_ for o'a&eulatingthe heat tramp;Yetfactors for
both uidt_sef the air prehet_terand the Gallhol_ter. First, the tdr floi_and
%he heat Cal0acltie_must be de_erlnlned. Wi%h the fuel flow sF_olfled, ,he
air flew is specified ill order to give 10_ excess air, The a&r fuel _:atlo
was 'basedupon nozml'a/ioct_e as L%navel'agefor the fuel acttutllyused. The
combustion equat:[en 'St

08H18 + 12.5 02 + 1.25 02 + 51.73 N2-"_8 CO2 + 9 H20 + 1.25 02 + 51.73 N2

eXOSSG
5 •

On a one 6_ra_imole basis the fuel burned weie_hs 114.14 g amd the a_r used to

bi_rnit weil_hs 1889.47 _. Therelore, .oi these assumptions the ratio of air
to fuel, R/_' ,---"16.55 as given in the base case. Using this s_-Ullechemie_-Ll
equatic,n the heat capacity of the flue gas was averaged as l'ollowsl

CO;, 8 x 1],94 :_-95.52

:" tt,,O 9 x 9,20 _-,82,80

Z; 0,, .t,25 x ?,91-1. '- 9,9'3
_5

,l ,, 3 '_',:_, N., _ x .50 -'k50,98

• "_'3

Avor,'._C:o i'lue ,2:a,r_heat e:Wacity ..... ,- B .;2j c,xl/_ reel C

36
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The molecular weight of the flue gas is 28.63. Therefore, the heat capacityof the flue ga_, CPFG, in the units used in this calculation is 1.20 J/g E,
The heat capacity for ai_, CPA, is 1.03 J/g K. These values are given'in the
program and car.only be changed by revising the data statement (see ONTLB

!) line 32).

_,' Given the fuel flow, the air fl.o_is determined. From the air flow, the
mass velocity, GAPH, of air in terms of grams per second of air flowing per

} cm2 of flow area is computed. Next the Reynolds number is defined. That is,

'" Dm (GAPH]

The equivalent diameter, DEQ, of the rectangular flow area is calculated as
4 times the flow area divided by the wetted perimeter. ,(See line 669 of
CNTLA.) The viscosity of air at 700 K is about 4 x I0-* g mass/cm sec. The

; reciprocal of this, 2500, is used to compute the Reynolds number, RE.

;,. 47::.:'C HEAT TRANSFER FACTOR., AIR SIDE.

.._ 47'.:)• 40=< 8RPH=CFF*RAF,/AFRPH
• 4,-,0 ' RE'=DEO*GRPH_2500.
),, 4:'-.:1 CALL STANTN(RE..STN'.',

From the Reynolds number, the heat transfer coefficient is calculated by
means of the correlation shown in Fi_'_me4.11. This correlation is used for

m both the air and the flue gas side of the air preheater. It is subroutine
STANTN.

. -_-
• - • ........................... 4

!_,) , =
N,.: 2,000 N,..10,O00 " ).... _. i i

!-_ 0 06 _ 1.35 1.35 - O,)0 0.0 ......T II

_LL:: 00_

.... /--: ........ ,,-I ".°°

i_' 003 - (I./4r,), 40 I "=_ I0O I

002 .....................
. ; - _,,).,oo }08I-i).(.! ' LRIi.......
• °°"I.... I ...., .

! _,,,).,o )i '"(_,,,,).,oo
: . ; ILl4rh)• lO0 I _'_ ....• . ' . ".(L/4r.). oo ; _..

"---. t _,_ ........... _ .....

ooo. '_"")'® ' t.....) _--_I:-._.E

iooo,, , ': , i i 1 - I _ (L/4r.),lO0 rI°°°`_ _ I ' _ i - ' _-
.) : ! : , _ ! (IJ4r.l.a)

OCO3 * i , , , ; , _.\ ,
, ! i 1 , i I
; _ ! " _ : ; i : i (D (V4rh). 40 --. ¢-

..... i ; , . ; ; ; (v4r,), lOOi I i

ooo_z i : : ; ' ' ' i i ' ' + + '. _ : ] i . _./4r,), (_ !

: :' N.. IO"_)! ! _ !'' ' 'ooo,_ ' ; ) ' ..... _ _ ' ' I '
o_ __o_._. o4 ._ILe_L%:__O_OJL__ _ 20 _0 SO so L_.9 )oo mo _oo _o,o

_'ig_a'c" _ .11. Hu_t T_'_:m_i'er Correl_t, lon tl,;ed ror Ll,,e Air Prehec_tez" (,').
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In each segment the air and flue gas are separated by a plate with a constant
temperature for that segment. It would be more realistic to asslme a con-
stant temperature gradient but the mathematical formulation was too compli-

!_ cated and would involve an iterative solution at each time step. The method
!;! chosen will be '_ufflcientlyaccurate except at very low flows. Note that for

each node both the air and the flue gas temperature approach the temperature
of the air preheater plate. Both of these processes involve heat transfer to
or from the plate. Then there is the process of conduction from one metal node
to the next. In CNTLB the temperature of each metal node, EX(N), is changed
after both air and flue gas heat transfers are calculated. In WARM (Appendix

_i A) metal temperatures were changed twice and heat conduction along the metal

ii was ignored.

The calculation starts by setting the metal node temperatures, EX(1) to EX(8).
The inlet air temperature, TIN(i) is taken as the ambient air temperature.
TIN(2) is calculated from TIN(1) as will be shown hereafter. TIN(3) is
calculated from TIN(2) and so on up the stairs to TIN(9), the temperature of
the air leaving the air preheater. This preheated air burns with the fuel to
produce a gas with a temperature FLAME. It exchanges heat w&th four sets of
engine heaters which may have different temperatures due to the internal
warkings of each part of the engine. Each engine section has a metal node at
both ends of the engine heater. It is assumed that the same heat transfer

_ coefficient applies _o all heater nodes. The flue gas leaving the enginei

_ heaters has cooled and may be at different temperatures. It is averaged to
become TOU(9). The flue gas is now cooled down along the stalrstep air ore-
heatherin the same way the air heats up. Finally, the temperatures of the
air preheater metal is adjusted due to air and flue gas heat transfer and
me-talconduction. Also, the temperatures in the engine are adjusted due to
metal conduction. In another part of the program which is active when the
engine rotates the engine metal node temperature will be further adjusted
due to heat transfer with the working gas. In all these calculations the
time step must be small enough so that the metal node temperatures do not
change very much each increment. If they did, calculational instabilities
would build up and destroy the simulation.

For the first increment in the heat exchanger, the heat transferred from the
metal to the air, H, can be expressed two different ways.

H = CPA * CFF * RAF'* (TIN(2) - TIN(1))

Heat Heat Air Flow Temparature Rise
Transfer Capacity
watts j/g K g/sec K

a_id

$9



H= h. Ah . (_(D - Tn_(D) - (EX(1)- TIN(2))
-n__x_;OTIN-(27-/

where h = STN • GAPH* 1.19

Ah = LAPH , WAPH * NAPH • 2/NO
length width number 2 number

', one way sides of nodes

When the above two equations are combined and solved for TIN(2), the result is:

T_N(2)--re(l) Ex(1)- T!N(D
- exp(X) ( i

where X = UXX * STN * GAPH * I. 19/CFF

UXX = LA2H * WA?H* 2- NA?H
NO* R_2 * CPA

In evaluating Equation i, it is easily possible for X to be large enough to
overflow the number size limit of a computer. For the Altos Z 80 based micro-
computer used to develop this program, exp(32) was about as large as the com-
puter would go without giving an overflow error. Therefore, if X > 32, it is

made equal to 32. Therefore, the heat transfer factor is: 1

XY = exp(X)

and the final equation to find the air temperatures in succession is:

TIN(2) = EX(1) - (_X(1) - _n_(1))/XY

similariy, Tn_(3)is c_culated _om TIN(2)=d so on to TZN(9).

All of the above is necessary to explain the programming lines below, to
find the heat transfer factor for the air side of the air preheater. The
constant UXX is evaluated on llne 673 in CNTLA and brought over through the
data file.

4:':5..... '-I ',."_.'c ...., ,- J,.,....,*.,TN.+.GAPH*I. 19,.."CFF
45:_:" IF,'::'.:.GT.-'..2 ..('.,--'._,
4:.-':4 ' " ....... -"",

_J

The heat transfer factor for the flue gas side of the air preheater is cal-
culated in the same way as the air side. The flow rate is greater and the
heat capacity is greater. A quantity UXY analogous to UXX is brought over
from CNTLA and used here.

4,.::T C HERT TRFINSFEE' FFI,;'TOF%FLUE GAS SIDE
4,:,_, GFIF'H=rjFF_,:,"I;'Fli :,,..'I-_FFtF,H

_" 4:-:7 F'E: r:,EC,*GFIPH',;.'..'=,,L__'t
__.1" 4:'::9 C:RLL STFtNTN,:'I;:E.,STN>

4,-_,9 ::'.:=';TN*GRPN.+i 19 ,','CFF
4q¢1 IF,":.', GT. _:2 ", ......-."_

1,. 49 i '"_7=E1.:F........:,

40
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Next, the heat transfer factor, XH, for the fl_me heating tho heater tubes
; mu_t be calculated.

D_ect flame heated St_li_ engines always have the outside heat transfer

;i coefficient controlling.

k

/_ The equation and the values assumed to be valid for this case were taken from
,' Table 4.2.

i Table 4.2
/

! EQUATION PARAMETERS USED FOR
T A SFmTOCAS aTm (3)

|

[ II_D_"I,I = /u(/A,f;.,.,.,"/,/'"; l/ --- t= - (4 -- !i,,,.'2

.rr -- 1.2B ! #r = 1.3 xr = 2 #r = 3
8/.

h= . h: i " h_ , 11_ tl

i}. iilii) ............. ! ,. H '213 II ti;l,i
O.l}OI) ............... I .. t! I IG () ,"_TI (I,.lOl II BMI

' t1.1100 .......... 0 .t:_7 ' ()._')il'4
I.12D ....... ' (1 17,_: i) 5,;5 (1 ,_I.._ II 5(i'1 ,
1,2.,11 0.51,_ 0,55fi 11 r_tl,'_i I} 5T_I tl t,l!i (I 7,;_11 t1,522 (I ,%ii_ .;
i ,_lll) 11.,15[ (1 I")li,"4 0 IIiil . {I ,',li_() I;;7 ' II ;,il,",t {1 I_ l} ,_;IlS

2.(llill (I,-IIIt I).577 i (I,.llll i II 2,IIS II ,I,",12. {I D_(I (I. Illl (i.57il ,

In3lh...:[lill) :_h)::llO li. 17;12_< 1).llSll I I1 _',ll) O.,l Ill I, I),Dli_ II .121 II 57t 11
I .2,_0 li.31S ll,5_,i'.> li 27_ ' II Iill_ il lull , II 7B.1 I).IIQ:I3 I) 7D__
I ,SIIll I i1,31i7 li.2_ll (I,25tl II li_ll II lill , II 7Jr?. il iiti';',',l li.7.11

I1(10 II .t h",4 (1.5711 I).2_,1!1' II Jill7 I) 22',1 ' I) 632 il 1!1.',,i i) 111,',4
A.IIIIII ll.7911 l) iilll II ',IPiG _ II 21,<"II II lill li ,%_1 I1 7,'411 II iill:',l

' i
2#. = _l.ll).;Ir = .'tr/]),.

In the 4L23 engine there is one row of heater tubes. In the P-40 engine there

are two rows widely seoarated. Assume that the pitch to diameter ratio is

1.25. That is, each tube is separated from the next by a space ¼ the outside
diameter of the tube. Assume that the transverse pitch is large, say, 3

times the outside diameter. Also, assize that the heated length includes the
_k-ont and back row ar,d negligible for the bend. Thus, the gas heater
minimum flow area is:

D0H LHH . NTH * 4

AMF = _ * -_- _cylinders per engine

: D0H * LHH * NTH/2

Tllerel'oru, the m_xim_ml I,lu,_-_ velocity is! 't

/
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At IO00 K the viscosity of air is!

ii,

. .f _ 6 x I0_ g/cmsecand the thermal conductivity is_
w_

_: kf _ 7 x 10-4 w/era K

Therefore, by substituting into the equation from Table 4.2 and simplifying,
the heat trsmsfer coefficient is found to be j

i__ UH= DOH_F**C_0.0006*RAI_.0.592* 0.00022/_0H
It is also net necessary to evaluate the heat transfer coefficient every

time step since it changes little so it is grouped with the evaluation of the

heat transfer coefficient for the air side and is only re-evaluated when the

flow changes appreciably.

Each part of the engine may have a different heater temperature depending

upon what is going on inside. However j it is assumed.that ¼ of the flame

passes through each of the four engine sections. For each section the heat

transfer can be expressed two ways (see Figure 4.13)s

By temperature change¢

CFF
H = _ * RAi * CPFG * (FLAME - T3A(Y))

And by heat transfers

Let X = (_M(2,Y) + TM(3,Y))/2

(_AM_-x)-(T3ACY)-X)
H = UH * AH * ( FLAME - X

Combining the above two equations gives!

T3A(Y) = X + (FLAME - X)/XH

where XH '_exp( UH* AH* 4)CFF * CZ

AH _ PI * DOH * LHH * NTH

CZ = CPFG * HA1

• It" the arg_m-cnt of the _xpon_:ntial is _u'eatur tlxm 132 it ir_made 3',._ to pro-
; vent overflow in t}_ecomputer.
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FLAME

Heat T3A(I)

TM(3,I)

DISTANCE

}Ylgm'e 4.13. G,:t..,Heater l-le_tl.Trmml'er Scheme.

All the above oxplmultion i_ necesccu'y to sho_ how "the he_t transfer factor_
XII, t_; compu'ted and used. The t_t'oE_r_unmlnc; is:

,$':_."',- HEmT TR_N':T,FFP FFICTF,F'. GRS HEFITER

,_m- UH--,.r.,,'IH*,'FF FIMF,'C"T<'_6''+'*0 _'9:':''+L.3aOO22,''130H
•!'a'l '.:d ,IIH*FI!-I.'"-FP*q'7',
.t'n,; iF,":.:.6T -'7', '.",=v2

.Ew,ry tlmu the hoar tr:msfer l'_.ml.ors_u'e o:Llc_tl_ted%he flow bound_ mm_i. I
be ruc_tlc_Llated,

,l'a," " PE'_FT F'L.,'$1 F:OIINEv:.
';'_':: CFFI=.t 2 +r.FF

r_ 'I':'_'-_ L"FL=0 :'_'+I"FF

/1.;;.'7.1# All" Sldc 'Pempel'_t._weC&lcIll:_t[Oll

Now th:tl the heat tl';Lll;lI'_q" l':mtor:_ _u'u cc_lctiLat.ed ( tf t.hey t_tvu t,:M to b_0
:..! t ti_, i_,mpev_i_a'e:_ tt,rout,:t_ Lhe alr :aid flm, Cam c]rc_fit cm_ bp quickly deter-
_,, Illitl,,d. Ill rid;: c;dc_fh[t]on it. 1:: a:::ua, ed t ha't. the il,erlu:L1 lu4'; due to hotel

C_rt'it_'l tv o1' t.lm' ,IctcL1 pcU't.;: i_; :;o iI,lport,;ult LI_Lt .t,J_e a.dded COllq_llc_tl:ton of.-_-" l'tt'P,Willi': tro.r_:;lI, tlme:_ l'o.t" the ,,':;u_ ;trO/thd the cll'_ It. t,'_ not necetp_;wy.

'l'tlt!l't'['ol't_ L;[_?ittt 5" _;'tgt[t' tt_lllpOl';gl, lkt't'l; (LI'_' CgtlCItl(tt.t'd t'Of the t;_w t-_ide. C_d.-c_,l,.ttlon ',d.,u't;" wi t l_ ,u_t. tent ,_1.," _'l. t.l,e inlet, to t.he air t,rel,eai.e.r _md worka
Ld,
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!
a_'ound 'bh_ c_b:eult. Flrnt, the a3r tempor:Ltm:e_ lu the prohoator :rye e_lcu-
1;,ted noquentl_ully ao h_m :Llroady boon explained,

:: 500: C" CAL.C:I/LATE RF'H flIF! TE'.HPEPfllJF'E':7
50:t ,$',_ [,0 427 I=.t.. N

_C 2. Briner (]aleulatlon

=2 Next,. tht_ preheated air enters the b_'nor. The tempe_::_tL_'e._'_;e h', C;Ivetlby

i2 the equation
LHV * i000 * CB_ _:OFF * (RAF + I) * CPFG * lIT;2

heat supplied by heat ab_orbed by flue

fuel combustion, gas temperature ris_,
watts watt_

which reduces to s

i LHV * I000

DT"° OPFG)* ( AF+ I)

EHV = lower heating value of fuel = 46.432 Kj/g

20,000 BTU/lb

CP9_ _ i.,_atcapacity of flue gas _ 1.20 j/g K

RAF = ratio of "-airflow to fuel flow, j/g

(RAF + I) ='ratio of i[[ue gas flow to fuel flow ...........................................

CFF = current fuel flow,_ g/see

DT2 = temperature rise In flue gas tempel-ature
(neglecting dlsassoclation).:

Note that DT2, in the simple Way it is cculc_lated here, neglecting dl:_ssoei-
atlon ar.d heat loss through burlier Insulatlon, _s not dependent on flue _[low.

DT2 comes ITem CNTLA, llne 671.

_0_ C FIND FLAME TEMPEIRATI..IRE
504 FLAHE=T Ilq<N+'.t ":,+DT,?

4 o _ _ Heat Transfer to Gas Heaters

Next, the fo_ effluents ITem the heaters are c_culated as has been explained.

505 C DETERI"IINE OUILET FLI...IECiAS TEMP, FPOH HEATERS
506 D,3 47:7 1=i.,4
507 :'C=-,"Tr,I,I2, I>+Tt,1,:'_,I",",,.';._.

_08 4S7 T2A( I'_=>¢+"'FL RHE-'.:.','),..">CH

The flue gas temperatures are averaged a_ the one outlet temperat_'e,

TOU(N+I), is obt_dned.

509 P AVEImRGE FLUE GAS TEHPEPRTI.IPE'.--.,
, 5'10' TOt;".'N+I '."--,'TT_R':'I')+T-:R,"2",._TT'A,','Z>+TT.A"4:' )/4
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P_Inally, the flue gas tomper_turo_ down the stalrstops of the air prehoator
_e ealouiL_ted as has been explained.

%

' _11, C E,IT FI.UE -.-,r" _H_, TFMF'FF;'RTUPF_'.-'..,THP'<.GH F_TK' PF'EHEFIT.FR

if;: 'ql T _:'N-I+:1.

• ='.,_.4 ,44F T,rII,"F':'':'=F:"","F";':'+,"TOI.I,"F'+'i;"--.F:":".'}"'',."""_',.',,'.

4.2.7.8 Metal Temperature Adjustment in Air Preheater
I,

Next, the metal node temperatures in the air preheater must be adjusted for
heat tra_sfer and conduction. For the first node the heat lost, in joules,
to the air is:

X = OFF * RAW * OPA * (TIN(2) - TINLI)) * DT

The heat gained from the flue gas is:

Y = OFF * RAt * OPFG * (TOO(2) - TgU(1)) * DT

The heat gained by metallic conduction is:

ZZ = _ * (TMAPH * NA_-_..w...NAPH* 2) * _EX(2) - EX(1)) . DT
(LAPH/NO)

ZZ = KAPH * (EX(2) - F_((1)) * DT

The heat.capaclty of most metals on a volune basis is about the same,

500 j/cmPK. Thus, the heat capacity in ea,'_hmetal node is:

LAPH * WAPH * 2 * NAPH * TMAPH * 5.00
CMAPH = NO

Therefore, a heat balance on the first metal node is:

OMAPH(EY(1) - _(I)) =_ZZ + Y - X

Therefore, the metal node temperature at the end of the time step _s!

! _.Y(1) '=EX(1) + (ZZ + Y - X)/OMAPH

This derivation is different for the middle nodes and the other end nodes

but the concept is the same. It is assumed that the air preheater metal is
not connected to any other heat source or heat sink except the gases 1_lowing

through it. Based upon the above explanation the following programming
calculates the new air preheater metal node temperatures.
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519 C C:HFiNI3E AF'H METAL NODE TEMP. DUE [0 C:ON',,,'ECT1L'INANC, CI3NDI.IL':TICIN
:,1_, DO 4_,CJ I_l,, N
•).1., ',:",=L",FF.*RRF' *,:T '[N ':' ! x�':'-T I N < [ ?''" :_[:,C'T
_18 Y,-_IL'JFF*G'.fl&*I3Pt_G*,:_TI'.II I< [ +;t ,:_TFII,I,f I >'.,'_[['.T_'
_:t9 Ig".'.I--:1.",'1,'$I:J,441._I.,45k'J

. _''...,_ :,_ 4_CJ... I F ,:'I .-F_",449,, 4._'_t, _$_'.,,1

..,_.,'_, GOTO , _"

_"-'*_' 44'_ "_-"' .... _" -';', ', '.... + *',.,,_., ....4,.F_FH*. g,, .I +i',', . �Ì8T", _,.:,,"_.-_,",',,._r,r.,T
" =..,,-."4"' rjOTO ,'._.=.,'.,_

..,_.-"......_..5:1. Z_=-KFIPH_,:'E',,'¢,'.:T..'-E,','.I'"J;:' ..
=,-,,.,,<_,," ,i_,).,,.,,_. C.:ONTI NLIE
='_ 4_',,0 EY'_,I .... '.... "_+' '-"."',J.'.:,' _ ....E.,.i,[ ",l+ ,..,.. T ,' .. ,,,'I][,IRF'H

4.2.7.9 Metal Temperature Adjustment in the _nglne

Five metal nodes in each of the four parts of the engine i_Loat in temp_'_t_e.

They receive _tnd give up heat by conduction _d by being he_ted by the

heater all the time. Thls part will now be explained,

Each node _s shown in Figure 4.9 is a special case but the formulation for
calculating the s_me node in the four parts of the engine is the same. The

calculation for each engine metal node will now be explained.

Metal Node I is the metal _otmd the hot space, lu_lf the way to the water
cooled portion of the engine cylinder. The thermal conduct_]ee to the

cooling jacket is:

KME(1) ---'KM * PI * DCY _ (_3X * THO)HOL

KME(1) to KME(6) are brought over ITem CNTLA.

The thermal conductance item the heater is:

KM * PI * DIHM * WTHM _ NT}_4
L}_I

The heat capacity of met'_l uode i al_:_oh_volves the s_ul,e specif]',_.he_t eapc_-

clty el' 5.00 j/cm3K. T_d_ I_%i e_pac_ty in ,%/'Kde/_'ue chm_c;e 1_;computed m;
followsl

The met_ul vol_m_e of the end c:_1)sis l

X FI4 _-IY]Y -x_ 2 * (T}iH+ _TJHO)

: The m_,t:_lvol_m_e of the cylindvr W_L_I belonglng to t.},c,node i:;I

_' Tl_v l_l(_t,a] vol_m_e of the he_t, er _I_cu_tl'oll l_ehmgln g to t,t_e _lod(, _:_

 "i2
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i P°

_,'

l• a l(.1)(x+ ¥

t_l,1(,l) 'l.oill,l(5) I,; t,l'_,_t,,';{,{.,w,"r t','_,lll(JN'I'LA.

_" 11, t,l_o ,';I.'l,'u'.l;it l,_it [.1_' tu_'l;ll ll_d.,' 'l.,,,ll_]lol':_.l,.liPt_=', W[II..LI hi, ¢_.h;111¢,:,,,.lolK'o ,l_lo t.o

i!.. l'];gll,.'i'¢);L'I.'llI{",;t-lldIIi¢"I.;L[q.l,.tli¢ltl,.'t_Oll;UI¢I[.}p-'IIl;uL,,,',lu't,l,oIH't'_(']'IIJ]I¢i1}¢"to

|iiLL, l'il:l.Jl_ hl':il. {,l'll, li,_l','.l', Oil,' Ililliit. Iwi.V,' '{i#,, =livl.it O.l' lliO'l,;i.Jl xioil,' '{.OlllllOl';il,ili',,{_,
_;l¢_li t,t,llllil,iwl:tlu'l' I'Jl';lll','i_ Ill lliWl,l',i._. ¢_]ti(I,t.lOlil;, ]'i Itoll]d ;Io'L do 't,O llll_ lit'W

%. ;I,Ilit o'ld t.Ollil't'3'lt/i.tll't_i; 111 l,llo l'iu]cli-l;i.l,ltlllll, 'fit ilIt'I_L'I Iliad,' ]l 'l'of t,ho 'l,llilO
;;t.,;{, I)IiT, ill,.' h_,iul ].oi;'l 'i,o'lilt, <,o¢¢l.lnt,; {i:l.c'k,,t. l l;i

A ' l{blF(1) _ (,'iVit i, 1) .- TWl) * IIliT

'l'h_, I_:;Lt I'_;Llni;d l.l_i'oul_:ll tlio h_,;i.t.t,r ill:_ntl'old li_i

_' iOU':t.') x t'mt/,t) - q%l('i,]) '_ l_]_'l'

Tlill_'lt ,'_ ll¢,;I.'l, l);i.];i.litJ¢ , o{' ill_-'_t;:l] llodo I _'l.lv¢;'ii

c_tti,) _ t'ms(t,_) '1%1(1, l') t< - A

'l'tlt'l'¢'fol't' I t.lit' II_'W llll"tld "t.viiIpt'l";I;i.til't" llut' I.o oill' +[.lliil' _:t,l.']_'ll WOI.'[>II ol' _'oiltitlO'l.loil
'll;l

I_ -- A

_o4_' tlii_t tl_' 1 r_,l,i'c,i't,l,t:; the. l'c, til' _,vlindor:; whi_'h u[X]. h;w¢" dlt'l'c,i.'t'l_l.
tilit,l'ii;l}, ll_';t{ ll';l.llIvi't,i'::.

'.": " ' ttP_l{","" l'l'li'_]l'll" HrTi-q I _lr,r,r l}q'.lP _''v, i,li F ll-I i_'!ql'll", I_ll'.if', I'll T,:,I[,[ 17iql,.li,,,,

,', ,.-i r,i '+ ,l:"-_ "(. i .1

".1-, i_,t I'IF' ! ,i, r[,t. , I , Tt,ll. ,ll,r,!

'".... ' "_l ' I 1 ' Ti'l" ! 1 ', _, {_,.....Iq','"I'1"'.1 "

l_it)t.;l] l';od," " li; <'t'lllOi'C,d ,vt [.ht' <hiilet;ioll ['o'titel'ii till, ll<,'k_t,r ili;t.lll_'o]d ;i.ild tho
lil,,i.[,,.l', It .liiu'llld,,,; ),,ill." Ih,, tl<,:_l,,l' lll.'i.llll'o].d alid 1)_]1' 't.lio he;_.tez', J'i.,.rt;i.tll

• " ' <t]l't':l.dV dl, l'tnl,d, ;l.litt KI_II,;t, t_{.tit', {o i_t ,U'<' til<'l'l'l,l'l ,'ol;d;ic'l;tllc't' b{l_'ll,t. )i , ,,
i't"_.r;t't'll [ill' ll'_l_ i'iid:t t,t" {ll_' t_';IL,'l'. ']'lltl;'.l

l{I'll':{ t] 1@I II l'l,'i _ (,l_Oll _t ' .. ]rlll _k ,.g k N'I'Ii/LIIll

'l'!,.,, !_,,;ut _'.lt,,t¢'il:. <,!' I.,<,t,lJl ,loti¢, " [li\'c,;lvt,: tl_<, i_tl_t,l, I,;,[ t' _i" fll<, ht,;l:t_,r

l,,..il)! _',';l_t I'll'l:l] ;',_l. tilil<' t ,l'll'¢.'it.,{y C:I'I_,'ILI,t+II'ti ,I.l; _'lt ;LII<] I;:I] l' ,.,,' t1,,' ilt>;l. IC¢.'l ' l'lt"[,l+].

\'OI,il:It' v_l,lcl,i,',i

X 1'1.', _ (,l:Oli _ I!11( _ .'] _ f4Tll _ l,!(t(/.'

_'.Ft._ t" " X_ _ ',,_'_
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A+C -B

r.'-__- _ Fr,IF,,I, +, Tr,I, 7:, T+--[H,' 4, I, ",_[,[',T
","" THI,_ I , -TH,'_. I ,+.q+C--F",,,'F,N,7.',,

_O_l_,_ IllJd() 1_ :] 1] (_)l_ll_;O_'l)l]. IL_, 'L]l(I ]lOt OlllJ] Of '|,llP _t'ol_PllPl'litOl)l_ id.taehod tn ol_ll
(:',V]-.ll.hq', It Ino_.Ig|(_l_ i, il() l)()_ll-_o)i 't,;..) I;()#,',()I|(),)'IL'I,(')I?I'I 1)I).I;I ) 'thP _F()I!;OIIC),T-'cI.iC)r

l,U.)dl'oldn) _u)d one q_m._"L()')" of I:,1)(-)"r,og.l._._.Id, or liULtr_,x n.lM o1,-) El.)U_'1,o;)-'0.I} tho
:)',_)d',,.))_,,)')d,o.t' w)dl, P+>_d;,_,Inlng to .1't, ()a,n tho_m'fl e,on(tun4:,i),)1(;(, l_M(4), ,q._'o(_.ly

(l(,i'_l.,(1)_,.I_ w(,].1 :u._ l_]_I(5) l)o'l,w,aolL i.,hu liot (rod)rod tl.., m,1(ldlo of 'l,ho rqgonor-
,Lt(n.', TI)_.;I

l<>m(,;)m.1.,Pi., m(* ,w_1' * N_/(_(/;O

�_Ix*i,T+*DX** :_* NR/Cu_I;')

TI,o })CtL't O&])ILc.ltyof the mot_il ned,;:Involves the other half of %he rogenera-
to_:mtulii'oldVOIL_IIO_ulready c_Icu_atod t_u Y, The vol_,IR,,of the ._.(_g('_n_rator
),_-;_d.u L::,t

X :- r14 * (DR �RWT)** ;?._ 'H'IH * NR

aaTdi tht: metal voltm_e of the regenerator and m_Toundlng cylinder wall,
Thus !

ZZ ,,, PI * DR * RR_-.*.LR_._-_._P..14,*-DR.)*- '2 * I_R/4 * FF

Thu_,, the nodal heat c&paclty ist

_),_(_),- (Y+ x + zz)* _,oo

In this node the he,at g_In by conduction from node 3 is already calculated
as B. The heat less by conduction to the middle of the regenerator Is_

A _ KME(5) * (_M(4,I) - _M(5,I) * DDT

There is no ext.:rnal heat transfer in this node, By heat balance

Tiros, the; n_w temperature of metal node 4 after one time step'z worth of
conduction is |

B-A

D":9 FI-:I'"HE'"_I"'_"TM"4, I '_-TI',I,'_, l ':' ,+'[',DT
57"_ TP,I,I., 4. T",'-+TH,:'4. ! ",+ ,"F_-R'_,.').='1,I,".4 ",

Met'd/ node 5 is centered at the center of the regenerator a_id include_ the

middle h_Llf of the regenerater. Pertalnlng to it are therm'al conductances

," KME(5) between the hot end _and the mlddlc of the r_enerator and KME(6)
_i. between the middle: and the cold end of the regenerator, Since dependence of'

thermal conductivity en temperatL_e is being ignored, KME(6) ':_ KME(5).

!.
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', go£ng, it goes on to the next seotion.

'' _5_' C'_,'_. NTROLF'RO,3RRM F'RP._T2
P.I_ _,_,;. iZ: TE'ST FLRG TO DECIDE L,IHETHER TO GO ON TO NEXT..SUBPP..Of_P,F_M..................
':' _57 IF< IGi-i)4ei., 42_., 425

_4 4.2,9 Engine Torque and Internal Heat Transfer Subprogram

_ The engine calculation subprogram calculates the torque generated by the
engine for the conditions of temperature and pressure in each of the four

;, engine spaces and for the engine speed at the time. In order to speed up

i the calculations, the following simplifying assumptions are made:

1. The gas pressure in each engine space is uniform.
2. Internal heat transfer between the gas and the solid is perfect in

- the heater manifold, heater tubes, regenerator manlfoldf regenerator
and cooler.

J 3. There is no heat transfer between the gas and the solid in the hot

space and in the cold space and in the cold manifold.

4. The regenerator metal temperature is initially assumed to be linear,

but during operation the midpoint meta_L temperature is adjusted
so that the net heat transfer to the regenerator (metal node 5)
is zero.

5. The metal in both the heater manifold and the regenerator manifold

is assumed to have linear temperature gradients.

The calculations in this subprogram proceed in the following steps. Each :i
will be explained as needed followed by the applicable program segment.

Step i - Calculate New Engine Volumes

The engine volumes for each compartment depends upon the engine angle EARAD.

This angle is determined from the last engine position and the angle incre-
ment, DANG, derived from a to__'quebalance and assessment of acceleration.

This step gives all the variable volumes for the four working spaces and the
total volumes for each working space. Figure 4.14 shows the spacing between
the cold end of each cylinder and the cold end of each piston for somewhat

more than one cycle. Note that at 0 degrees_ cylinder 1 (X1) has the power

piston at the cold end. Then at 90° engine angle, cylinder 4 has minimum
cold space. At 180° cylinder 3 has mininum cold space. At 270 ° cylinder 2
has minimum cold volume.

In the Siemens arrangement which is used in the 4L23 engine as well as all

th(._ United Stirling mac_dnes, the hot end of one cylinder is connected to

the cold end of the next through the heater, regenerator and cooler. Figure

4.,4 amd Table 4.3 shows how they are connected.

D._'_ieleazld Lorenzo (4) _%ve indicated that gas can only be added to or

removed from each working space t_a'ough a timing slot in the drive rod.

For the p_mpose of this prog_'_, it was assumed that these t_ning slots
would be full open 45 ° before a_,d 45° after bottom dead center. This iu
i},efea:;on for the addition, removal schedule given in the expls/lation

of the engine and vehicle control subpro,sram.
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T:_blc 4.3

j ENGINE SPACE NOME_IGLATURE

5

/! Working Space Hot Space Cylinder Cold Space Cylinder

_!, NIm_bet N_m_ber N_hmber

2 3
A.

:3 3 4

I: 4 4 I

The quantities XI to X4 graphed in Figt_e 4.1-4 are calct_ated fl-om the for-

mula for a crank operated piston (5). From these the va_'iable volumes in the

hot space, V_(X,Y), and in the _old space, VCA(X,Y) are calcL_ated.

559 C:*,_-*_*FI'.IGINE TOROUE _N.P., TNTEP._JA. HFRT TRRN'_FEF' SUPPPC'G_'PH
559 ," '.=TEP !--,"RLCULRTE NEI4 F.NGINF. VOLt TM_-.-..,
5e=O 4,.'.:_. ,.,._-,--DT". ,.L--Z,,..,-..,',"R -- " PC: 8N" ERPRD _" ���€�2"-Pr+.C:OS( ERPP,C' '-''r'.. ,.
. :_i :.",2:'SORT ( >:',R- " PC'* '--.,IN ,'ERPRb+P 12 " ' _"*" " -R _"* .'.'0'._,"E._F',qr' *F' _?:" _'.m.
5_2' :'.:S:'-'_nRT ,":':',R--(PF'* STN ,"FRPRC,+P I "" +'2" -PC:+.CO'r-,,"EQPg[:'*P I ",-XF:
_g2: ,":,'*- :.',,:.-'3""r'.-,'."'_",.',n-<RC*S I N ,:'EAPRC'+P 132 " " '+* 2.",.--pC_* c'lnq_.,"E_RR[,*P I -'P "" "' ':F:
564 ",,'MR"."2, i ._=RC'Y_,:"RI_2-:''.1" +',,,'HE,:..:

_g_ ',,,'HA""_' "' =Rl-"9. " "_ ' "',.,:., . P,..,...-,.,,:..' *',,'HC,>:
567 VCR( 2, 2 ",,=_Cg*,M_+VCD_.
56:_ VHR o"" 2:', =ACY*," PC2-::", .:-""_VHC,',:<
569 VL:R,..,_.,_-.:i_=BC",'*>:',4+VC[:,_
_7A VH,_,:"2, "- "" " '"" ".... '" .....
571 X.L.R,.,:., 4 >=BC:V*XI+VCD_
572 [:,0 25_3 I=1.,4
_7S 'v'T ':2, I ":,:',VTE:,+VHR :'2 I ",+',,,'CR,"'2. I ",
574 250 L':ONTI NI..I£

Finally, h l Step i the ct_latlve voltm_es are calctulated Ik'om the wn'l_ble
and fixed volumes. Each c_mulative vol_e is calculated ITem the l_ol end

of the englne, to a p_tlc_&_r point in the englne. (Sue the nomenclatm'e.)
Voltm_es recorded tlffs way are needed lat_" in the c_]culation.

_5 C _QL.L!.LRFE N_M ENGINE SF'Rf'E rjUF_JM_TIVE VFflUME-,

576 DO '=_'-""' ,..,:,_. I =:1. 4

;. 577: CVI'I< 1, I ",=',,,'HR"2, I '
' 578' CVM(2, 1)=C:VMo't, ! ',+VHH

57"_ CVH ::S, I _,=CVI'I, 2, I ':,+VH[,
58k3 CVM" 4, I._:--£:'v'M,:-, I _+'v'FM
5r:.I cvr,I,: 5, l '_=C',,,'t'l,"4. _ ",*',,,'PD .'2
_--,.-, CVM,"6, 1",--C',,,'H,"_, I ",+V;'[,,"3
5_'_S CVM,:7, I ".,---rVH,"e:,! '
584 £ VI'I" $, I'=VT" 2, I"'
,=,-,= ,."" CONT !NI IE
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Stop 2 - C_Iculate Effect of Control

In this version of the progr_w_ the control method is by adding or removing

gas. The control subprogram computed a new pressure, PX, for a partlct_&r

working space, IG3. (See lines 856-879.) Step 2 calculates the effect of

t1_s action on the engine torque and heat transfer.

The first thi_% is to calculate Y, the ratio of the volume no_ occupied by
the gas originally in the working space for which pressure h_s been adjusted.

T_s is done assuming the total volume is adiabatic, Next X_ the volume of
gas added, is calct_lated. If X is negative, gas has been removed.

586 L" STEP ;7_"--CHRNGE IN GRS '_,'O..UMES, TEMPERRTURES RN[', GAS Nnt',E INVENTORIES
587' C QF I,JNRKING SPACE THRT CRN HRVE IT'._ GRS INVENTORY RDJt..ISTED. X=
5E:'-: C VOLUME OF GRS R[:,[.,ED(+> OR REMOVED(-> RT CI]RRENT PRESSURE RN[:, TEMP.
5,°_,9 C FOR THRT NORKING SPRCE
59CI '£=<P:i<IG_ '/P',:':',>: KR
59i :'_=VT(i..!G3 )*.(i. -'4::,

If gas has been added, then the temperature of the added gas is first cal-

culated by assuming that the gas enters at cooling water temperature, TWI,

and original presst_e, PI(IG3) and then is compressed adiabatically to pressure

PX. Next mass added, M2, is calculated from the perfect gas law. This pres-

sure change affects all gas node temperatures for the adjusted working space

since in this part of tne calculation no heat transfer is allowed. Finally,
the temperature of t_e cold space is adjusted because of the gas added_

592 C FiRS INVENTORY CHRNGE
_'u- ' I F (1.<>:D-t2., tE_i, tSi
594 C TEHP OF R[:,E:,E[:, GRS
5'_5 ' .tS± 'T'Y=TNI _ �,;PX/PI<IG-_<>> �Œ�59_ C' MR'.SSR[:,E:,E[:,

597 ' H2 =P:-¢K:<,-",:1'£9' (�8�<�|�T:,

=.,9,", C HEW TENPEF'RTUPES DUE TO INVENTOR9 CHRNGE

599. iC4,._ ,.7,.7:=,:F'::.:,',...'F"I.," I G- T',i,,+::+,GR
6c_e [:,0 :':e7 K:i, 8
6C_L C.'O7 TGR,"I., F'., IGE:':,=TGR('t, K, IG-:>' �D"682' C R[,.TUSTMENT OF COL[:' SPRCE TEHP NITH GRS R[:,DITION

KCL-" IF(',,":', GT. 8>TGR(i, E'.. IG3>=(T6R(i, 8, IG2.>mN<i., 8, IG3>+9'¢,_I'12>,."
6¢t4, i ,:'N(i.,8, IG]h+M2':,

After the old Fessure [I(IG3) is utili_;ed for everything it needs to be, it
is updated to the new pre_oure PX.

6_35 C NEN F'_'E'SSUF'E [.,I_tE TO INVENTC;R'4 CHRNGE
6OF_. P1,i I GE:>=P',:-,'.

Next the cum_Clatiw _ volumes _md the gas node inventories for the working

, upace which is having its ]i'e_sure c|_nged (IG3) must be adjuoted. The

-' proce[;s io different depending on wl,cther gan io added or removed, il gao
-T" added (X is (_reater or equal to zero), the CLmULIL_ttVOvolume of all the glen
;' zlo(ie_;except the l_ut a/'_ reduced by the f:ictor Y which in t_dc ca[;e is le_;s

. CVG _,IG3) not change. The gas massco 1 tothat_ I The tot._l volume, ( does

_I. 7 do not ,-h:u]C;(;,qince all the added gag goes into node B.
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607: C NEN CUM. VOL, RND GQS NODE INVENTORIES DLE TO GQS RDDED OR REMOVED
608: IF(X)888o,801, 801

!_ g89: C GAS QDDED OR NO CHQNOE
J"' g18: 801 DO 882 K=I, ?

61t; 882 CVG(K, IG3)=CVG(K. IG3),+,Y
g12: N(I, 8..IG_)=W(I, 8, IG3)_ rt,';:

r- 61_ : SOTO 80_
!C,

I! If gas must be removed, any number of gas nodes can be removed and the re-malnlng nodes caz_expand to take Ul_the space. In this case Y, the volume
,.,, ratio is greater than 1. Each cumulative volume is expanded by this ratio.

However, when the cumulative volume GVG(K,IG3) first becomes greater than

i the total volume fo._that working space, CVM(8,_G3),then the mass of gas in
this node is reduced depending upon the volume of this node still in the work-

i ing space (lines 620 and 621). The total cumulative volume for that inter-polated node becomes the total volume (llne 625). Flag ZZ is used to ma_e

I all subsequent gas nodes to have zero mass (llne 624) and a cumulative gas
volume equal to the total gas volume.

g14: C GRS REMOVED
615: 880"- 22=1.
616: DO 884 K=I., 8
617: CVG(K, IGS,',.=CVG,:K.,IG3>_¥
618: IF,.'CVG<K,IG_.',-CVM<8,IG_)',884,804..80g
619. 88g IF,.'.ZZ)I8_,183, 184 I'
g20: i04 N,;l, K, IG_:,=N,.(t, K, IG3.','_,:CVM(8., IGZ<)-CVG(K-t, IG'.7:.'.,?,/
621: l (CVG(K., IGS:?.,-CVG(K-:t., IG_?.,>
622 ZZ---e,
e-2Z<: GOTO 105
624" iCJ]: l,I('l..K, IG_:,=(_.
e-25: t_5 OVG,:'K, IG3':,=CVM#8. !G?'.', "_
g26 ' 8_14 CONTINUE

,I

Finally, the new total m_ss for the working space must be re-added. '_

e':27- C PE-81:',I'..MFISSES ,_
628' 9lEtS' t'l,:'_GT"":,=n

_-'0' J:_.._:' M" IG_-':'",.-:-:Mr_GS",*M,'I,K..I,]Z> J{

For the case of gas being added the new value of M(IG3) h._sbeen calculated i
I: in line 597. ,

I( _:
II

i: Step 3 - Vol_e Cl_a/_ge---NoHeat Tranal'er !

In this method of analysis the process which occurs in the engine slmul-
ta_eou_ly is broken up into equlva/ent sequential steps. These arej

s vy, p,,. " "4 ....  'indthevol..e ,t ,oga'_;; _"_J_.l__:_hc iH_ae_a.cT_;a e .p.ce before the volume
cha_ge in Step i. Find the t_mperature that each of the original
nodes of gas now has due to az_adl_b_tlc expnn_ion or compre:_cion.

55
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i:' Step 4 - Redefine the gas nodes due to gas flow. Find th_ mass and the
mass average temperature of the gas now occupying each one of the gas

spaces.

Step 5 - Allow heat _ransfer to take place in each ome of the @As
spaces if it is supposed to. To simplify calculation in this program,
the hot and cold variable volume spaces s_e assumed to have no heat

transfer and the other spaces are assumed to have perfect heat
transfer. The heat transferred in each node goes to change the

temperature of the metal nodes or is absorbed by the cooling water.

No gas flow between nodes is allowed during this step so the heat

capacity at constant volume is the propaw one to use for the gas.

Step 6 - Due to heat transfer in Step 5 each node will have a different
pressure. Step 6 calculates those pressures.

Step 7 - The ficticious barriers that have separated the nodes during
Steps 5 and 6 a_e now removed. All gas nodes in each working space
are allowed to come to a common pressure again.. Step 7 calculates

this common pressure.

Step 8 - The process of adiabatic pressure equilibration in Step 7
changes the temperat,_re in each gas node. Step 8 calculates these

final gas temperatuzes and prepares the calculation to srart through
for another time step.

Now that the overall process has been explained, Step 3 will now be explained
in detail.

The temperature-volume relationship for an adiabatic process is s

T2 VI )k-1--(S
In the calculation CVG(8,I) is the original total volume for the Ith work-

ing space and CVM(8,I) is the new total volume as calculated in Step 1,
line 58_. After the new temperatures are calculated (llne 639), all the

cumulative gas volumes are adjusted proportional to the total gas volume

cha_ge (line 642).

e'.Tt r. STEP 7'--DFTFF'HTNE F'PEtB'.--.,IIF'.E.,TF_'IPEF'_,TI.Ip.E' _ND 'v'LqLUHE C.HRNGES _hr- r, RI,3INRL
_-',2 ," 'v','L .It,!E'; r,l.nE r,-_ TOTRI.. ',,,'Ot_I_IHE,'.'NRNGE R'B'.-.'.,I.IHINGNCI HERT T#.RNtBF'EP.
¢-%.. r',O29_'._ ! .---:t..4
_--_d " T"_'T_ql. 'v'3LIIME P£TIn
A-'_ ",'......[ ",=-I"Vo3,",_....... =,.,! ",,."C'v't'l,'_., I ",
_-._ _" I'4FN 031=I'_T_'HP._E'.E'¢4TIF'E_
_":' '.-'.t,' [ ", ,., I',_+,"k'.i:'-t',

_-':-":_ ':J_t TGR," t., k', [','=TGR,"£, F:', I', �€*¨�|�T',
,-':41_ L" 'TI_ff'IUI.£1Tf'v'E ',,,'OLI_II"IF_ ,'if= GR'_ P'_C'E',E'_RF'TFF;' TOTRL. ',,,'Qt.I_IMEL"HRNGE

:':. . . ;4o' l"'--1,,.,
_42 "'-' , ,' ,",,.:,,T',
,-;a7 .-'1_0 CnNT TI'.lljF
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Stop g - Computation of Matu_ Avor,_*,o Tompor;_tlwo _md M;m_t of Gas Now In E:mh
Fnglno Spaoo Duo to G:m Vlow

Bec_mso of the voltmo clt,mg_m :rod the adi:_batlc tompor:ttm:e ch,mgon lake

thono ,._hown :ln Figure 4,14 and boc:mlm of ga:_ :thvontol'y e.h:mgo_ fez' cent::'el,
there is m;_tn_ J_low.

It wa_; found by experience that bemmso of gas inflow for control that the

_wo_t'umuulng,ms: be able to haaidlc mass flow acro:u_ _uay m_bor of nodeL:.

That Is t dl_'hig one time step so lllHOhgas Call be _%dded to the cold spgtc_:to
push all the orlgin:ul ga_ into the hot space.

One of the important feat[_res of the progress tl_%t was used as a model for

thi_ program was that the tempera:tree was to wary linearly inside the gas

:lodes that were orlgin'&lly Ill the dead volumes of the engine. 9hls idea was
progr_%mmed and debt_ged but it was round tl_t after several time steps,

situations wotfld develop which wotfldresult in a negative mass being assigned

_ to a gas node which wo_d result in a negative absolute presst_t'efor tl_t

node. Since flow tlu_ough several n_/es dt_ing one time step will ere'tie csr-

taln inaccL_acles, it was decided to simplify the _'ogrammlng and have :k!l
the gas in each gas ,lode have all average temperatt_t_e instead of a 14.,l_eo/"
tempel'att_'eG_'adlent.

Ill oz'der to be able to tmaldle mass flow across cuiy rnuuber of l_odns, tt was

necessary to have a nomenclatt_e where the volumes or the gas spaces are

expressed as ctunt£1atlvevoltune *k'om the hot end. For instumeo, C%%1,_,I/'_
is the cunlt_latlvevoltmie IX'orethe hot end to the interface between the

heater manifold aald the heater for the Ith working space. (See FAg:m,.'4.15.)

The metal :lode temperatm'es _I(i,I) to _l(otl ) luxvealready been dlsclme.ed.

_I(6,I) is fixed at tilecooling water tempera:line _MI, All the othel" met_tl
nodes float in temperattwe due to heat tl'_umfer by conduction alld convec-

tion. Dtwlng Step _ it is convenient to define all average met_ul temperatm-e

for each paa't of the working :pace that trarmfers heat. For this pro:pose

91A(2,1) to 91A(7,I) arc defined as midway between the metal node temperatm'es

(see. Fig_we 4.15) •

At the start of the time step the gas nodes .<_hownin Figm'e 4.15 all have

the _,_me vol_unes as the mot'_l nodes. Up until now the mass in all ihe_e

as nodes ha._not chaalged except addition or removtul of gas for control.
See Step 2.) Howew;r, because of motion of tileplstoim _Id gas lllventory
c_ulge, flow has ttukellplace. Dtwlng the time step up till now no he_t

transfer has t_en place between the working gas and the lnet_tlso the Lelnpera-
t_'e o£ the gas llodes will :low be different lh'om the metal li[xles. Ill

Fig:we 4.1.5 _ul _dlabatic compressloll is a_tmied so th_t the tempel'atttreOf
tell gas nodes i_ higher. However I the gellel:'d_ sh_pe of the temperatm't_ d_t;-

ii'ibution i_;retained. For IIIUtcUICOIill .tlJS p_n't_eultu'pro_,q'_uu,the ga_

orit';tmkll,v at DIA(.2,I) att_anu the temptu:,d.m'e TGA(1,P,I). (S,:e Step 3.)
Now with the mmlulative vohmie:_ ill t_ITays alld tile tempera:twos also in :ux'ay:_

_. one ecru protg'_l a goner:C: ea:_e that will determine the mgttu_ ot' gas in each
.... ell_illt, k;pace after mtms tlol_ grad the mo,st_ :tverg4_e telliperatlll't, of that g_m.i.
._._" 'PO lltd.l't OIlt, '[,he pl'Of_12tlalllllilll.'_ Clio llltlIlt. :itHl't t,llt:_ Illalll tie loop J'or tilt, folu?

':," Wol'ktil{1 '._piice_.

5 ;
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;_ _,l,l ,': '.=,TFP 4---£'OMPI.ITATInN OF TEMF'EPRTUP.EAND MFISS NON IN EACH
". eT,,'-l_ C ENGTP-IE'.T,PAC'E E',I.IETF_ GR'-.ZFI_O|,I BUT NO HEAT TPRNSFEP
,. _.._,-_-_.F: THT'-7,',,,'EP'_D._NFI[.LCIt,I_5 I_fftLI['I[TED t,lR'._'-_FL.OM F',U_'ING ONE TIME '_TEF'
,-' ,:,_? F ,"RLCI..ILRTE FOP THE 4 I,IN_'F:ING '.-_P_.C:ES

_;4::; r.,u3.TL-':Ot...i, 4

Next, two flags are Inltlali'zodto i. The K flag keeps track of the solid
nodes and the L fl:_._,,the gas nodes. Tlds arrangement i_ needed so tl_t any
number of gan nodc'L_cml be packed into a solid node or a gas node c,%nbe

i ._pro_dout over m_ny solid nodes if required.

g4.9. £ LET F:'--'._L'.ILIDTM[,E','<RN[', L=GR'..--.,INDE','.t,

Then the gas in_ntory azTay at the end of the time step W(2tX, I) and the
average gas temperature array at the end of +,he time step are _.eroed,

_52 L" ZERO NI.IT MRSS RP_R'T' RFT.EF' _._'_S FLON
_5"' ' DO Z4'_ I l=i, :E:
g_4 TGR,:'2.,II, I".,.-:8,
_'.5_ 7"4_" l,I(2. El. I"--e

In apportioning the masses it was fotmd that the first time ti_ough a pamti-
culam pa_t of the program was different than the next time, Therefore, a
second time flag was fotmd necessary. Tl_is is initialized.

g56 ," SET ':'.,FCOH[:'TIME FLRG
6_T : I I =i

For each working space we start with the first gas node and the first metal
node. We keep adding nodes to the one with the least volume until both gas
and metal i_ve 8 nodes. When this is so, the program for that working space
is complete. The decision point compares the cumulative voltmlein the gas
for L nodes to the cumulative volume in the engine metal for K nodes. The
ctm_ulativegas volume can be less than exactly equal to or greater than the
cumulative metal volume.

,5.-, C RETURN POINT OF ['.'Z(ISIONTREE
e..:.,9 -', '-"- .......'. $-, [F<L':'v'G(L.., I ',-CVM,:'kl, I., ..,.,:.4_.,-':.4b,,_47

" Now the three possible cases will be discussed in the order they appear in
the progra_. We will first discuss the case when the cumt_Lativegas volume
is loss thaa_the c_u_lative metal voltm_e. For instance, t_e the case where
K _ I, L _-I _It_dII =.i, inltl_l case with gas compression.

1,I)

1,I)
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In thi_3 case Y ?;.W(_K I : O. The now average %omporatt_e _A(;:',Kql) ir_

_qual to 9,tho no].utlon It_completod. If not, tho nolution rottwns to tho

top of tho do_i;_don troo (llno 699),

e.e.8: C:+::+::+:,+,CLIr,I. CiFI'_ VOI_. I_,E_:_ THAN c:tlr,t r_IETFII.. ',,_OI..[INIE
" 661 7'45 IF,:: ,I:_ ':,:::.t3.,4,.7..:54,E:'3S"

e:e.2 _7:54 I t =i
66_: N<2, F::.,I:,'_Fq"1
664 TQR,::'?.,Y,', ! ::,,._TGR,':'t.,L., I :,
665 OOTO',:SL_
666' 7:55 'r'..-.N,'.:2., K., ; ',
_;_7 N,:2., k',, I :,=N ,",;.-':', l.'::,I '.',+14,:':I., t, T'.:,
_. ,.,.,,,_,,-, TI]P,,'.2, F:'.,I :,..--,".TI.'_R,'.'2., I'", T ",.+,"_'-4"TT'ila,:1.,L., I':,'+'14,":I•L, :I:.... '"II''_.,._.,Y'., T',
_gg' :':_t:_ CONT INUF
678 ,:: IN["E?'.GRS NOr.',E FL.FIG PNE, R.F..TIIPN
67J. : L.=L.+±
6V?: C ,::HECY"FOP,. ENb OF NRS.-C FLON CRL.CIJLSTtON
_S7_ IF":L. GE. 9> GOTO _'J._
674' (. F:ETI..IF'.N
_75 GQTO ":"$;_

If the next t_le tl_'ou(?.hthe cumul_tlve vol_ne of the gas is _till le_u_ thml

the met'ellsp_ce it is £1111ng, in t_ds c_se the hot space, the c_Llct(la'Lion
still _;oes t}_'o_h the _ame paz't_ of the pl'O_'aJ1_.

,, CVG(L,=2,I)

I, I

, CVM(K:I,I)

Nou this time through W(2,K, I) is the ma_s of g:ts in the hot space with the

first two (_.asnode:_ beiI_ conGidered, _A(2,K,I) is the ave_'a_e temper_tt_e
in the hot _l_ce _;o f_ue.

The ethel" l_lf o£ the pro_'_m_Int_ given _bove (llneo 659-06_) ca_mot 'be

entered from the bo61uuln 6 of the e_ulcul_:ttlon,lh_in_ the c:ulculation
:tddltion of :_lue%;_lnode lll;_kcsthe metal node etmlulatlve voltm,e _?,l'e:ttc:_:th:u_
the L_s uode ¢_ll_l_tlve voltuuc:_.

: CVG(L,I)
v CVM(K, )

"-'-'_ I

_,.

_
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,-) _md c_dmLh_-

tion tort.or,:, tl_L_ or.hot pn_t ol 7 tl_o ]motW_*, A nm_ mmm W(2IK, ]) _.t&t't,n to bo

"l_. m:mmlul_Lt, od by t.lit_ :utdJl,.lon f.v::ff, o1' l_ol_J_dlltfl _lllltll_ or t,ho t_Lll_ Illtlt:_ h;:ulG:l.llg

i: OVO]" W}_otl t.ho. C,:U-1lit llodo K'-._ l_¢.t[i o,olllp].ot]oly c:;llOllZll, i_od, The ;_vmt'_go g;m

L It; .[miexod by o)_,a mul %ho m_ImE_._tLon may oomo b;mk tl_m._,h ;tgn._n,

.TI't.l_c,)_,;xt.t';;u'uodo M,:I].Imn_o(_ fil@1(K,.l.')_ (]Vfl(I.,,I)'.m _n 'l,honkot.el_l,,,Im_)

........... i._11 -_.'L :_); ),he t;ecolld L'_I)IO .I'o]" "L}lo flow mot(ul VOltl_lo Ilodo, Thlll 'ln.'Ot_.t'l_,Ull:_.l|ll);
#ul(l;_ I.() '[,}_t' C_].(Ull;_:t,:lOl) oi' l, ho llll_llll lUld _ht, ) O,Vo1?ll,ff)O _OlllpO_,'/L_,ll]?O _II II ])/I,_'_'-

- (_u'.k;Lt' (>l)t';_)l(" volh!,e bu'_ novor :t'In:|.tfl_on l'b,

•1,, .. ... .. ....r., "" "'_-" "" " .. "".; f ...."_ : ""...-. " ..... ', , _,: _ "_'_.,,ik" ' '<"--_' - ....... ' '
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' Nm.l.l.'o:ei,h_L_,×tn,_doK .-2 _md L _ J_;;ridI.'[. O,

CVG(L,I)

• ,q-..

._'-.-] CVM(K-I,I) CVM(K,I)
"-":4|,< l I

'Yl..:voi'ov_,t it,WOIChl(';o'blmough,'Llnot_'_l'i:-'{H1.Id( II;i,la,l.'a'_t_;t:1on_.I'i,l.:_
I:tn;id_,L'.Lw)lum__.I,l_;cb:I.:._tJ.u;_L(:_;nal_].e,to W(',',tR_]). 'I'lu,vofo_'t_s ;l.lu,w_rt)a;idu(d.la_m_;_
RM, 1_; c_h:_l_t'bod :re1" th_L uglll l_uR?;ln(_ ow,.v. G(tl_ tol_l.pul'a%ut'e ]._ 'L,r_um-
l'erl.'t._tl ae't?ot',L'l ,

lhu:tn¢_; t}.: m_u':_e ot/ the ealc_t_;ttioll_ IndoxJnl'; el' b leadu %o the _:;me _I.,r_;
CVC,(,_,,K) > CWI(,K,]). TI,u,::,

CVG(L-I,I) CVR(L,I)

d------ ' ' ....
CVM(K,I)

In if.iscar;e(line_;70%716) FuRIn the fractlon of W(I,L,I) that it tares
to finish W(Z,K,I). The re,st In made the residual ma_s. The flrp&laver,_,e
ga,'_"t_:lllp_n'atI_*e_0 o_le_Ztat_;dfor that node using the mass _uldthe avel'a4/e
temperat_;e u9 to tl,;_t.print_md the new m_ss and averaL*_etemperatt_'e.

With ;illtldt:,co,,pllcated.prot_.t'aamil_/for tr_msferrin_ masses d_wing Step 4,
th,_rewore m_uky ehanceu for error, Therefo_'u_allerror trappil,_routine is
introduced 3t this point which will stop the ])roFl'amnaldprln% out some
_ntermedi;_teresultu if m_tssis chmlged dttrtnE _, tide step. All the masses _u'e
s_lml|lt;d alld eom]xu*ed Wlth the previous mass muu. If the total maso i_;nff by
more th:tn 0.I [,,'z'tua,tl_en it wlll _rit.u out the flow era'or _md the worldnt';

c,pac, t_ i% htu:, o<;c_tl'.l:ed if*, t3thet' illf4,<_'_,ed].;_±.e vtulttes cu'c printed out to show
l,h_; o.pergttor wh, tt t,ho probltm :It,, So_; %.ht, oper&%.or m_unl_L1 (Section 6) l'of

addltlolvtldel.;dl.';.TI_; error tl-aeklngprot_t'_uaW_tL_very UL;L:ft_"-i_the de-
t.,_';gh*t'; of thf_ .pro(w_,.
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; ....-4.1 ," "'TEF' 'T--.--.flI,IF}E'A'rTF !;'FIE'-_qlIF'.[ [-,71JILT[:;F'NTTI'JN AT P£1NqTRHT TOTRI VO1I.IHF
T'qq r r' T_._RI ,",'If'IliON F'PE'B'-'IIJPF r IT,P [ NFF'FHFNT

: i":_,: "- ',,,'Hf_, ;", I , _.F'-,' T 1 ', _ ¬� �i

,t , ,,,, _"_T " :_',,,'HN �t�¤f: , +.+F_'
7q',=: ..... :.',,'Hr,+P::,,' T, -' , ++_"F'
7q':_ :.:" :.",+VPH+@7,' T., 4 ', * _F"P
:qc,.q ': -'. :+',.,'RD '?. 4:p'? ,i T. _':,'.+ È�\',:'nT' :'.:: :-:+k,'Cr,+F'T.,".I, 7 ",+ ++'F'

'='f:c" .",'.+,,,H ,",T",+P7 "I.:P)+._"F"P

._ ':'-'.Cq F"4,"T;',--,"Y,,..'VT,"2, !'",'+'*'k'k'



:,,,

,-,.,.,:,C STEP 8-- INITIRLIZE OURNTITIES FOR NEXT INCREMENT

: 8t?" L: TEMPERATURE
818 DO _64 K=i.,8

,:.' ,:,.,...364 TGA(±, K,.I..,--TL,_,._, K, I'

o.;,. VOLI.II'_S....8 C

_,. 821' VT(i.,I",=',,,'T<2,I',
..' ,.,-:_- VI..8,.l,, I )=VIZ:fl,.'.2, I )
;' 82_" VHA ( 1., I ")=VHA,:: " I ":,

,=,:.'.4• C PRESSURES

,:,-".- Pi( I>=P4< I )
826. C: MFISSES

827' DO 758 K:CL.,9

[ o-_,_,.. ,-_.,:, 75_3 N ,;..1.,K., I ::,=W( 2., K., I )
829" ," 4C_ CONT I NUE

t,

Step 9 - Determine Engine Torque at Output Shaft

I
This step is the culmination of a large a_ount of calculation. It proceeds

in three stepsI 1) find the forces on the pistons, 2) find the torques a_Id

average presst_e, 3) find the shad't torque ±_om the indicated torque based
upon a correlation.

The force on a particular piston is the net of three forces: i) the presst_e

times the a/'eLLof the hot end of the piston (ACY), 2) the l_essure, o£ thc

next working space times the area of the bottom of the piston (BOY) t&klng
out l'or the &rive rod, told 3) the pi'esstu'edrop across the _ie_ultimes the

seal "a/'ea(CCY). In t}ds program: the crcu_k case pl_essLa'eis fixed at 0.i MPa _-

I _tm_,. SiIlc_'the press_[res,a/'e in men,tie]_ascals, i00 N/m _ [uld the areas cure
in cm_, a factor of i00 ll;needed to convert the m_it_, FigL_'e 4.16 show.'_

tk_it the [orces on the pistons are a_ll upwa_'d for a positive force.

t-F?n C '--..TEF''._--C, ETEIM',ITt,IF_ENGII'.IFTOF'OIIF FtT ,qI.ITPI_IT '.'-::,HRFT
:-L-::"_" P ]'h"[',TCRTE[', Ft',IOTNE TOPFHJF. FOF"-E ON F'['.-_ZTLqN'.--.,,NEI,|TONS
':.',.T:.2 FF' ," t ?'= I'30 _:" -F' ! " .1" +RC'Y* P i 'i 4 ",+.BF'Y- ,"F"I.,"4 ',-_._ .!. ' '_.'-C'4"
P. '-T F F'"'L':'".. lO_3 +,' F'!. ,; t ', '+E:FY-F':! ,:,:' ', * fl'- Y- ,[PI ""I ",-0 .t ", +'-'-';' ':,
S_',T4 = =' ,- ",--j_qc_., ,"P1 ,".?', '+'F',CY-F1 ': - [' .*RF Y-, F"t ,' '2" -0 1 :' * c ,- ':' ",
':'-"_,,_ FF' ,"4 "'"--t.F40. + ".P 1" _'_,",*F:F'Y-F"_ ,"4 " +.FtC'Y--,"F"I. , -."",-4a_ .._", _.C,-y ,

Next, tiIt'c,cforces a/'eCOllvert(:d t,oL_torque' i_'o_ o_icllcriu_k. The LUI{_IL)con-

vev,tion i'._tl_t used in Flg_'e q.l#. Note that _:ince tht.rtidiu:_oJ' lhe cr:u&,
liC, 1'.;in cent,imv',•vvIL;, divi;_i.on [-._' i00 i_._m:eded to obtain the l<_rqm_ .in
i_('W t Oll-lqt._J:t "]':] .

':'-_ i- TnP,-,l_- "'N FRCM I'PRN}" N-M, FCI,I IS F"/r;TTI'...'E
'-" " TO," ! , ..n',",.'ICu'_ _': _t.J, F_.'A. r, ",+FF',' ! ,

'-'-'-_ TO.'- , l;'l-,'!¢ll:t +'-_.N,F!qF'_F,*P_,._FF,.... ,

':',IF, -r,-,,..I', "F'F.'IO,-! _."-:l_!,FF.F'c,r,_F'_--' , ,r.F,.,_ ,

t_u.Y.t., t i;(' tY_dlcafed torque l:" the :_,.u,lof 1_t,,, t'c,I,T c:r;ulk torqilt_t;. '?li_' _LVt;l';iL'((;

t't'_';;;;:itX' i:; . _-1,"!lat_.'d Io lu :i;:tul ii, tt-,o :;i_:d't tc,rq,:u ca.lctECLtiL'h.

L,H
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4.2.10 Control Pro_,u'_m(Pm't 3)

Thi_ very simply a_ks i£ t_u,e iL_up. It'not, .Itst_urts over.

R,'I!Z v**,+**r_'JNTPOL PF'.._GF'RH F'tqPT _.
8_v.3' 790 IF,:'TIt,I-TOTT:',4.01., 7',74.5,7t:_5

4.2.11 Final Summary Report

The fltval stmmra.ryreport is now very simple. It -_impTy prints i.he total fuel
cono_m_ed, .the tottfl time (given) _uld the ondlng vehicle speed. More inl'or-
matioll ctul be added as the lleed is felt.

85i C**:_.*_FINRL SL.IMHSP? PEF'OPT
8_2 7'95 NP.ITE," T., 798",FI..IEL., TOTT, SPVt
85.-.. 7'98 FOF'NFtT," " FI.IEL., TOTT, SPV:I . 7_."F'lO-",
8_4 _O_.'tO STOP
855 ENb

..'o
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5.0 LISTING OF PROGRAMS
_r

Three separate computer codes are included in this report. One code_.WARM,

;_ was used to evaluate how best to handle the burner and air preheater, This
code is given in Appendix A along with an explanation of it and the results
found from it.

_? Listlngz are given in thla section for CNTLA,FOR and C_TLB.FOR, ONTLA con-

i_ talns the nomenclature for both programs, CNTLA,FOR is given on pages 73
to 86, CNTLB,FOR is given on pages 88 to 104. CNTLB.FOR was given

piecemeal in Section 4 as the equations were explained.
I'
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_ FORTRAN SOURCE CODE LISTING

. OF CNTLA ii

72
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,j
,£.

• L

>

l C F'P.OCiPRMr.:NTLA.PrJP.

i_; _i C I,IPITTEN BY HFIPTINI ENQINEERING UNIbER CONTRACT NLIHBER
; C [,FN'-.-2A6 FOE' NRSR-LBNIS UNDER THE DOE RDVRNCE['J AUTOMOTIVE

,t r PF'nPLILSION PROb3RFIM'. THIS PROF._IRAI',ISHONS NOHENLCRTLIRE FOR
5 C L'NTLR FIN[:, CNTLB. CNTLFI T::n FOR CHRNL3ING INPUT PRRRMENTES

• _*; L'. FRor,1 THE CONSOLE RNII', IS FOR CRF,RTING R DRTR FILE..TO. BE
? C PERT", B',' CNTLB.
i'1,-, C _,_**. �œ�NOHENCLATUI_tE._,,*_::_..*
9 C A --' TEMF'ORAF"4 VARIABLE

£0 C RRPH = HEFtT TRANSFER AREA OF FULL AIR PREHERTER., SQ C1"1
_], r. FlEE = F'FtPIRL ENGINE ACrELERATION,, RAD/SEC+,_.,_--_
t2 r.. RCF' = ANGLE INCREHENT CRITERIA, DEGPEES!

FICI;.F. = ANGLE INCREMENT C'RITERIR., RFIDIANS13' L" " ''
14 r: RCV -- RL':L':ELERATION OF VEHICLE AT START OF TIME STEP, M,,,.,,,:_C_._",.._....,.,.
15 C AC'T'= F'I4*DC:Y.

1.4 r RF = AIR FRIr:TION., I'.,IEHTONS
J.?. C AFAPH _- RIP FLON AREA FOR AIR F'REHERTER., SQ cr.1
t,9' C AFF;' .--, FRONTAL AREA OF VEHICLE TIMES SHRF'E COEFFICIENT, 1.1_.2
lq. r. AH = HEAT TRANSFER ARFR FROI.1 FLAME, FULL ENGINE,, S.F..!CM
-,- :.. o., _. __'_,._,._ C AHF GAS'; HFFITEF.' MINIMUM FLON RF'.ER, E.I'I .,_

r "I' ''2'1 r F: - 1_,1} .F.AF.>r VRPIFIBLE
"", r BCY =" F'I4._,."I',':Y**2-£_DR._*2 ''

._, l !|" I i" I I2:' C C: TEI'IF _1_HR-r YAP.IRBLE
24 C Pr:Y .-.-RCY-BCY

,:.'"-; C: r'FF _ CUPF.!ENT F/EL FLON, _3,..""::,
2_ c CFH .... FI..IEL FLOI,.I FIBOVE b.IHICH MEN HEAT TRANSFER FRCTORS
PT " HLIST E:E CRLFL LRTED,. 1.2",..'_'.:,
,:'t-T; £: I'FI : FI_IEL FLON BELON NHIC:H NEN HEAT TRANSFER FACTORS
,.'."_. C'. HI IST BE' C:FII..C.I.ILATE[:,., b",..'c_,
-rl c r::H,"5", = HETRL NODE HEAT CAPACITIES., .T,,'t<:
"_"I C CHH ... HEAT E.RFHLITY OF GAS HEATERS FOR ONE CYLIN[:,ER., .T,'K
-2. C Ct"IAPH _-. HEAT CAPRC ]'T'4 OF RF'H I"IETRL NO[,E, ..T,..'k"

.:" ], t ,". r r.M,, HEAT r.:RF'RCITY C_F P.EGENEPRTCIR I"IATPI.. ..... ."K
..PIFR_ ITT FIT PONSTANT PPESSURE., Tv'G F"

-4 r: rp ._ HEFIT r,-,-r ,, . . .
" " "" r mY ."5, ," CPR .: HEAT L.HFH.I rIF RIP, .I,.'GK

!) -_.... r CPFG = HEAT CRPRC'ITY nF_ FLUE r",-.._H:-,T, 'G I.:"
t -. r: "'_:: ;: r'OFFFIC:IEIqT FOR _-HRF'F OF Y'EHIC/..E

r .. T ,-.

,,-' ,- r,',,, :. HFRr CAPRPITY FIT CC.It"`'!";TANT'v'OL.l..Ir,lE.... .'b k:
• T':_ C CYY 4 . T, I. HHFH

,JF1 , F,FIN'3 -_ CHANGE If" FNGTNE FINGLE, PAC,
,.II I" ['C',' -: F,TFIi',IFTEP OF CYI. TNE,EP, CH

,l." F .r.,Dl;' = [,IAHETEP OF r.,PlY'EF'][, CH
,F '- I,I',T TII,IE STEP IH Ft4GINE C.ALCI.ILATTOtl TO HAKE DANG BETNEEN
44 F t.O RMI', -0 [,D]F'_E%., SEC
,t_, F [,FO EQUIY'RLENT [:,IAI"IETEP ,"USEC, ]_N AIR PF'EHERTER'), C'H
.t,:: r [,TC .- [,IAMETEP IN'::IC, E OF COrLEF' TI.IP,E::', CH
47 F ['IH ["It'31'IFTEF' IMSI. t"E OF HEATER TIJE:E'7,, CM
,l'.'.: I r,]Hhl llq'-Tt,F [,IRT,1ETEF' OF TllE:E':-: TH 1.4ERTEF' HELM. I_"t'l
q'-', ' F,TPI,1 lHqlhF [,IRHFTEP CIF TI. BE':, IM f;'FGEN HRN C/'I
'.r_ r r, ] '::T I', T"-:TRI'IFF TF'FI',,,'EI.E[' FF'_-II"I 'T,TAF'T. 1,1
,,! F r,nH FIIlT':',IE,F [,TRI,1ETFF' r_F HERTFF' TIIBE'3, I't,1
,,.', r I".F' F,TFff.IFTEF' ,nF Kqrl_ F'E,'.,ENEI;'FIT¢.IF'. FH
'- '- F,'::T F,I'-IRhlrF TF'FI',,,'FIFr, r,_lr:,lU,_ TII',IE 'STEP, 1,1
*;4 , r,r TIHF L"TFF' t't'`'! TTRI. Ell'It, 'T.,TFffII,flPr, "EF +!
"" ,- PvC,,'-,', FN,] l HI. FqI'I(:_LE [,r'-,i;'r: r '-
". ' F_!:'FI!, FLh_ItIF F!NqtIT. PhF,IF_N'-

73
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, 571 C EIN m ENGINE INERTIA, KG_M_2
5G| C ERRFL _ ERROR IN FLOW HAGS BALANCE, GM

_: 591 C EX(Y) _ AIR PREHEATER METAL NODE TEMPS, AT START OF TIME BTEP, K
.... 60J C EY(Y) = AIR PREHEATER METAL NODE TEMPS, AT END OF TIME STEP, K

c - FRACTIONVCDXTHAT nDZnSAT C
621 C FF = FILLER FACTOR, FRACTION OF REGENERATOR VOLUME FILLED

I i _31 C WITH SOLID, MUST BE ZERO IF IT IB NOT KNOWN
$61 C FFF " FULL FUEL FLOW, g/S

I"

,_ 651 C FLAME = BURNER FLAME TEMPERATURE, K
6SI C FP(_) = FORCE ON PISTONS(AWAY FROM CRANKSHAFT IS POSITIVE)

$7= C NEWTONS

. 681 C FUEL = TOTAL FUEL CONSUMEDBY ENGINE, G
_, 691 C FWI = FLOW, WATER _NLET FOR ENTIRE ENGINE, G/SEC

70I C O = GAP BETWEEN HOT CAP AND CYLINDER WALL, CM
, 71: C OA = (KK-1)/KK

72: C GAPH = MASS VELOCITY (USED IN AIR PREHEATER), SIS CM_*2
73: C OCT = GEAR CHANGE TIME, SEC
76: C GDF = GRAPHIC DISPLAY FLAG, SEC
75= C GDI = GRAPHIC DISPLAY INCREMENT, SEC
7S: C GMAX = MAXIMUM. MASS VELOCITY IN HEATER_ SIS CM*_2
77: C HAS = HEAT TRANSFER COEFFICIENT, WIK CM*_2
78: C HCL = HOT CAP [.ENGTH, CM
7g: C I = TEMPORARY INTERGER VARIABLE
80: C II = TEMPORARY INTEGER VARIABLE
81: C IS1 = FLAg O=HEAT UP_ 1=IDLE, 2=IN GEAR
S2: C IS2 = FLAg O=INITIRL VALUE, t=AFTER CALC INITIAL GAS MASSES
83: C IS3 = FLAG SHOWINg WORKING SPACE IN WHICH GAS MASS WAS CHANGED
B4: C J = PRINTOUT FLAG--5 TO SCREEN, 2 TO PRINTER, INTEGER
85: C I1, I2 = GRAPHIC OUTPUT, X VALUES
8S: C IPV(2,6) = GRAPHIC OUTPUT ARRAY FOR PV DIAGRAM
87: C 31,32 = GRAPHIC OUTPUT, Y VALUES
88: C JPV(2, A) = GRAPHIC OUTPUT ARRAY FOR PV DIAGRAM
89: C J7 = DETERMINES INPUT NUMBER SELECTION
90: C K = TEMPORARY INTEGER VARIABLE, SOLID INDEX COUNTER
91: C KAPH = THERMALCOND= FACTOR IN APH, W/K
92: C KAR = COEFFICIENT OF AIR RESISTANCE
93: C KK = CP/CV
_6: C KM = THERMAL CONDUCTIVITY OF STRUCT. MAT., W/CH K

I! 95: C KME(S) = THERMAL CONDUCTIVITY FACTOR FOR ENGINE METAL NODES W/K
9S: C KMX = THERMAL CONDUCTIVITY OF MATRIX HAT., WICM K
971 C KR = 1 / KK

; 98t C L = GAS INDEX COUNTER
991 C LRPH = HEAT TRANSFER LENGTH IN AIR PREHEATER, CM

100: C LC = LENGTH OF COOLER TUBES, CM
101: C LCR = LENGTH OF CONNECTINg ROD, CM

I' 102: C LH = kENGTH OF HEATER TUBES, CM
! 103: C LHH = HEATED _ENGTH OF HEATER TUBES, CM
I, 106| C LHM = LENGTH OF TUBES IN HEATER MANIFOLD, CM

105: C LHV = LOWER HEATING VALUE OF FUEL, KJ/G
_' 106: C LR = LENGTH OF REGENERATOR, CM

107l C LRM = LENGTH OF TUBES IN REOENERATORMAN.,CM

i 1081 C M(6) " INVENTORY OF GAS IN EACH ENOtNE COMPARTMENT* O• 1091 C M2 = ORS MA_S CHANGE, O

ti It0: C ME =ENOINE MECHANICAL EFFICIENCY, PERCENT
111: C MOI = INITIAL GAS INVENTORY,
112: C MIR = BASIC TIME CONSTANT IN ADDINg OR REMOVING GAS

• 113: C MIRt = ADJUSTMENT OF MIR TO PREVENT CONTROL OVERSHOOT11_: C MIV = MASS, INERTIA OF VEHICLE, KO
Ir 74
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1.1r', 17 MMt -- MASS OF GAS MOVED ACROSS MOPE ;1. IN COLD C,IP.ECTION
i * %1re'; r [111,_.TrJ MM7 ,_ 'CAME FOR NF*[,E'=; 2! TO 7

1t?. r. I,ISH = MEq,H - "=I,=E, t,lI' c,-,F.E-, I.M
1I_.'-.:C t,ll,I :. MCII..EF.UL-AF'.I,IEIGHT OF bICIF'VI'NG 13AS, G,.'G MOLE
11.9 r HI,IFC, ,. I'IOLErlJL.RF' HEIGHT Og FLUE GEt!=",,G,,"G MOLE
I,"'n iT' H ._ NUI',IBEP CIF NODES IN FII_ PI;'EHE'.RTEF', INTEGEI_'
17.'t C NAF'H ... I_ rIF RIFt F'{;'FFIE_ITEF' FL,ON PASSAGES 11'.1EACH C,IRECTION
.127: F. NFF' _.; FLAG TO COI.,INT NUMBER OF £Yrl.r:'-q FJEFOPE ERASING PV [',lAG
[2[" c IqGC ,; GFRP CHANGE FLING., INTEI.'iEF!
124 c HO ,. NI.IMFIER OF NOC,ES IN AlP PREHERTER,, PERt
12_ C I'.io2 = N,,'2
JD6 r. NF' = NI..IMEIEROF PEGENERATOR&,,'C','I.INDER
1.27" C' r4s '--; NUMBER OF SCREENS PER REGENERATOR
.t2r: C NTC ;_NIJMBER OF COOLER TIJBES,,,"C'T'LINDER
1.2'? r NTH -; NIJMBER OF HEFITER TUBES PER CYLIN[,ER
l.?r.._ C NTRM : NIIMBER OF TIJBES IN REGENERATOR .MRNIFOL[',
.1._.1. r OM:t :,' [',ESIRED Ir',LE SPEED OF ENGINE., R,.'S
.L.'.2 I.'.' CIMEG = AOTURI_ ENGINE SPEED., R.,,_S
.IEE C PRY =:AVERAGE PRESSURE IN 4 CYLIN[.,ER_, MPA
.1.34 C PE',IS _ PROPORTIONAL BAND., I[.,LE SPEED, RA_',"SEC
1.".'5,C PBVS = PPOPORTIONAL BFIiqb, VEHICLE bPEED, M/SEE
t".'6 C PD I F =. PPH-PF'L
t?T' 12 P'I F'I _ -=.,.._4m_._,_-,_,t.... _ ,J,, "r ,I. J•. C'., J . 'r

t'S C PI? ' PI,.';? = 1. 5¢17_T_7962.',_7
1.-'.'9 r PT.'...2 ...-_. ',?
[,1El I.', F'I4., PI ,' ,_ : 7:?,57.9:::167.'.F.,
.f.,_l. " POF F'F'INT n!.lT FLAG., SEC

,I,T' ," PPN . HIGH F'F'EE,:_URE RESERVOIR PF'EL-_SLIF°E, MP£1
.47 r PPI._ -,LOI.,I PF'ESSI_IREF'F'=.,ERVOIB' PPE'..-"=.,UPE, MP¢4
4a r _": GFI'S PPFS';IIRE rIF I,IORFINr, SPACE HI=lYING IT'.--., PF'ES. R[:,..l ,, HER
4n ," r-'l.,'4", .= GAq Pt;'F'.-qSI_IPEAT BEGINNING OF TIME STEP, MPA
.l_-7. ," P?,',I.", ; 15£'--.PPE'SSIIF'F APTED VOLUME CHANGE.. t,lP¢_
,IT " r'-,"4 _?:, .-. &FfS F'F'F_SF;I..IPFF_FTEF' TEt'lPERFtTURE EI_I..IILIBRRTION FIT
._ ' , CmHSTFff4T ',.'OI.LIHE t'lPR
I', P,.I,"4", - CI"IHI'ION OR'--.,PI;'KS'.=.,IJRKl'ITEND I.'.IF TIME STEP, MPA

_,£.1 I- f_t ... rlIJTPlIT FI.AG, I r]'=GPAPHTCS I']N '_IEPEEN.. F'ERL
51 r 02 '-PF'TNTOLIT PI.AG, c300 TO SCREEN, 2 88 TO P_'INTER
._,}' r 0_-.- OUTPLIT FL..AG., £ 8=PERIISr.,IC PRINTOUT, e. e=NONE
1.57 C OE .....HEQTIHF_ OF HEATER TUBES OF ONE CYLINDER BY BURNER
1%! r DLIF'IHG A TIME STEP, 1'
.155 i" UE,., HEFIIlNG OF t,IOPKING GIRS IN HEATER TIJBES [.LtRINb TIHE STEP., ,.T

; t5_ r 17_HI,"47, = CUMULATIVE HEAT INPUT FOR c'Yr:LE, J
t57 r Ot'l,"T, .---'HEAT RECEIVE[:, BY METAL. NODES .t TO ?' DURING '.STEP 5

t58 c. R = 8 E:i4 .T,..'GMOL K
; 159 C PRC, _':£!.0:1.74_S RADIANS,..'DEGREE

1.60. C RAF : RRTIO OF AIR TO FUEL, G,."G
te:t C PAt :-: I;'AF+I, G,'"G
1.6:.".C F'C - RAt:,II.IS OF CRANK, CM

16.7 I: PC2 : 2*PC
164 r F'E = REYNOLDS NUMBER
tgS. C PEV -- I',II.INBEF' OF ENGINE REVOLUTIONS SINCE START
16,:, I; RF = ROLLING FRICTION, NEWTONS
16T C PGE = WORKING GEAR RATIO, METERS,.'REV.
16:._ C RGEI : FIRST GEAR RATIO., VEHICLE TRAVEL,./REV, METERS
le.9 C AGE2 : SECOND GEAR RATIO, VEHICLE TRAVEL,..'REV, METERS
iTO C PGEZ - THIRD GERF' ;'I_TIO, Y'EHICLE TRFIVEL,,'REV, METERS
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,1.7:1,'. C Rrl = RESIDLIFtL Mft.:a:, I:N _-,,EP 4, G
172 C RR _ RESIDIJF4L RATIO IN STIEP 4
17'3 C: RT = INTERFACE TEI,1PERRTIJREIN c:TEF 4
174 C RWT _ REGENERATOR HRLL THICKNES'3, C1,1
:175' C R',g = CP - CV

:1?7 C SPVD _ ',,tENICLE SPEEI_:,DESIRED BY 'SCHEDULE, 1'4,"S
• e ,_#rZ ;'",£713 C SPVI _ SPEED L'IF VEHICLE fiT BEGINNDII3 OF TIHE STEP., H, :_EL

12 'l?'): C S_ _, CHECK TO RLLOH USER ...HRNCETO STOP
IE=e. C STN ._ STRNTON NUMBER TII,IES PRRNDL NIJNEIERTO TWO THIR[:,=_ F'OHER
_Ei:t C Tl = RI'IBIENT AIR TEMF'ERRTURE, K
l_' C TR _-;RVF.RRGEOF HERTER METRL TEHPERRTURES,, K
1_7.',:' C TRC = VEHIr.:LE RCCELERRTION TIME, SEC
184 C TRPH .':;THIL,f,NE=:, OF PREHEATER PRSSRGE, CM
leS: C TC a QR_ TEHPERRTURE RT REGENERRTOR-COOLERBOUNDRR¥,, R
Z86' C TCR = DURRTION OF $TRRTING MOTOR _OROUE_ SEC
Z87 C TCY ,._ THICKNES.¢, OF CYLINDER RRLL, CH
18Fa C, TD = THMG-TWI
189 C TE = ERROR IN CONTROLLED TEHP, OF HOT METAL, I<
190 C -'- ,vp.a,,,..,,,% Z::, = MRTRIX OF ORS TEHPERRTURES RT NOOE BOUNDRRIE._
191 C X=,t BEFORE MRSS FLOW =2 RFTER
't92 C Y=i HIXE_ TEMP OF RDIRBRTIC HOT SPRCES
I.Q._, C Y=2 AT HOT END OF HERTER MRNIFOLD
194 C Y=.'3.RT INTERFRCE BETWEEN HERTER MRNIFOLD RND HERTER
195 C Y=4 RT INTEP,FRCE BETHEEN HERTER RND REGENERRTORMRNIFOLD
i96 C ¥=5 RT INTERFRCE BETWEEN REGEN. t'IRN. RND REGENERRTOE
197 C Y=6 RT NIDPOINT IN REGENERRTOR
198 C ye? IN COOLER
199 C Y=8 IN RDIABRTIC COLD SPRCE
2_0 C Z=i TO 4 FOR 4 WORKING .¢;PRCE.¢,

' ," ,._ OF RVERRCiE ORS TEMPERRTURES2@1 C TOR.,_, % Z) = i'IRTRI ....
282' C X=i BEFORE MRSS FLOW =2 RFTER
20;' C Y=i FOR HOT SPRCES
204: C Y=2 FOR HERTER MRNIFOLDS
285' C Y=3 FOR HEATERS
206 C Y=4 FOR REGENERRTOMMRNIFOLDS
207: C Y=5 FOR HO1 HRLF OF REGENERRTOR
,.08. C Y=6 FOR COLD HRLF OF REOENERRTOR
209: C Y=," FOR COOLER
210: C Y=8 FOR COLD SPRCES
211 C Z=l, 4 FOR 4.WORKINQ SPRCES
_i...- C TH = ORS TEMP. RT REGEN. HANIFOLD-REGENERRTOR BOUNDRRY, K
21_ C THC = THICKNESS OF HO_ CRP CYLINDER., CM
2i4 C THCH = THICKNESS OF HOT CRR HEAD, CM
,d_, C THH = THICKNES-_ OF HOT CYLINDER WRLL HERE,'.,OH
216 C THW = THICKNESS OF WIRE IN SCREENS OF REGENERRTOR,. CH
2t7 C THt,IG = TEMPERRTURE, HOT METRL GOAL, K
L-218 C THU = ENG INE WRRFI-UP T IHE,, SEC
_I., C TIC.' IDLE TIt'IEAFTER CRRNKING, :;El:',
'_'_.A C TIi = THU+'/CR
221 C TI2 = TII+TI[,
"-""_ C TI3: = TI2+TRC
_'"_ C TIH : CUMULRTIVE TIt'E, ::,El..
224 C Tit'1:;{ = SPECIFIC CUMI_ILRTIVE TIME FLRQ, SEt:'.
>':"_' C TIN,'.'2e:, :- INLET RIR PREHERTER RIR NODE TEfIP., k'
"_'%': _.:: TM,':I,'t", :; METRL TEHP. RROLINDHOT SF'ACE, K¢...I_, J
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,._,.','? I-: TH(2,'T", ,-' METAL TEHF'. EIETI,IEEN HEATEF! MAN. AND HE_TE.F., t<
,."""-,.._L+C TH,"_'.,Y', ';_ t'IETAL TEMP E,'ETHFENHEATER. thN[:, REI3EN PLAN., K
;??"-'+ F_' TH,",t 't'", .'_ METFtI.. TEHP BETI,IEEN REI"IEN, Hf:tN. FIND REGEN.., t:"
;_,:rJ F TH,'5.,YT; __,HFTRL TEHF'. PIIDPCIINT C;F PEGENERRTCJP,K-
;T_:l. £ TM,'_ Y':, 1,1ETALTEHF'. BETI,IEEN F.EbEN. F_M::,£'J313LEFI,,}:
_:'_:_r r_ TH,'?, Y, .:; I'IETFfl.. TEHF' BETI,IEEN C.OOlEF' AND L":OLC,SF'ACE., },:'
2E;_. r TPIt3PH THTe_NE=--. OF METt'_L _F-.F'ARRTTF_GF.AC',HFLrJt,l FA..,._Rt_E,, C;N
;.',_4 C TNE'r ;_ N_( ENt.tlf_E_ lf]RJ;lllF.;,, N-M
''_'_ £; T£1TT r, TrJTAL _ZMI,ILATION TIME, t_F.£'
2,'_._........... C TUU,,.,,J!,4',m AIR F'F!EHEATE_,FtJJE 13AS NODE TFP1P,, K
_-.',,,',T' C TPB =. TEMPERRI"URE,, PROPORTIONAL, BAND IN HOT METAL,, K
,._-_ C' T_3 ,t ._ TL')Pr.,.!I_EFROM EAC:H PISTON., CCH IS F'O_IT,IVE, N-M
,:......C'. TC.Jl'._TOTAL INDICATED TORC!IJE,N-M
240 C: TOE.,= TOTAL SHAFT TOROLIE,, N-M
241 £: TOY = TOROIJE VEHICLE PUTS ON ENGINE, N-M
_4,. C: TRAY = AVERAGE REG. METAL TEMP., K
24_ C: TREP ,= TIME INTERVAL FOR REPORT PRINTOUT, .qEC
244 C TRH = THICKNES_ OF REGENERATOR HERD_ CM
245 C TST = STR_.TING MOTO_ TORQUE, N,-M
246 C TT = CHECK TO DETERMINE WHEN POINTS SHOULD BE PLOTTED
247 C Tt,lI = TEMPERATURE, WATER _NLET., K
248 C TWO = TEMPERATURE OF COOLING HATER, K
249 C TXMI = TEMP-MASS PRODUCT FOR GRS MOVING PAST NODE i

_,,o SAME FOR NODES 2 TO 6250 C T_M,= TO T_P16 =
,=.:,1 C UAPH HEAT TRANSFER COEFF. AIR TO PETAL IN AIR PREHEATER, W/Off2 .K
-_'-" C UH = HEAT TRANSFER COEFF. FLUE GAS TO GAS HEATER METRL., W/OH2 K¢_,.., ,,..

253" C UXX = LAPH*NRPH*2, *NRPH/K4. _,RI_F+.CPA_
254 C UXV = LAPH*NAPH*2. *NAPH/,.:4. *CZ;_
"_," ........... ,,_nr_.,,,COLD END AT NODE i, CP12
,_...b C V2 TO V? = SAME FOR NODES 2 TO 7
257 C VRB = VOLUME OF AIR IN BURNER, CIJ CP1
258 C VCA<._.,4) VOLUME, COLD,, ADIABATIC:., START AND END OF TIME STEP
259 C VCA1.4.. = VOLUMES OF GAS ORIGINALLY IN ADIRBATIC COLD SPACE
260: C AFTER VOLUME CHPR_QE,CU CM
261' C VCDA = VOLUHE., ADIRBATIC COLD OERD, CU CM
2_2: C VCb = VOLUME, ISOTHERMRL COLD DERD, CU CM
263:" C Yr..c,<4> = VOLUMES OF GAS ORIGINALLY IN GR._ COOLER AND ]
264: C ISOTHERMAL PART OF COLD DUCT AFTER VOLUME CHANGE

I

265: C VCDX = VOLUME, COL[) DEAD NOT IN GAS COOLER, CU CM
266: C VHA<2, 4_, = VOLUME, HOT.. ADIABATIC, START AND END OF TIME STEP
267 C VHAl<4) = VOLUMES OF GAS ORIGINALLY IN HOT At)IABATIC SPACE
26B C AFTER VOLUME CHANGE., CU CM
269 C VHD = HEATER DEAD VOLUME, ,'ASSUMED ISOTHERMAL..', CU C:M
270 C VHDI,:4..', = VOLUMES OF GAS ORIGINALLY IN HOT DEAD SPRCE AFTER
27t C VOLIJME L':HANGE, L':U CM
.._,,,. , ,, _ !,_c,'2 r: _,,HD,,..,= EXTRA HOT VOLUME BE..IDE_ THAT IN THE GAS HEATER.,
_27_: C: CU r:H, INC'.LLIE:,E.¢ END CLEARANCE., GAP AR.OIJN[:,HOT CAP
274 C AND P1RNIFOLD ASSIJHE[:, ADIABATIC
,'%"9 I=_,_.,..., C VHM = HEATER MAt._IFOLb DEAD VOLUHE, CU CM
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_..?E,.C VIN = VEHICLE INERTIA AS SEEN AT CRANK SHAFT., KQ*l,1_m2
_.,,., C VRD = VOLUME, REQENERATOR DEAD, PER CYLINDER, CU CM
P _'_I-. | . • ,,2,'B. C. ,)RD$,,4,J_'VOLIJ|'IESOF I.'IASORIGINALL.'4IN RECjENERflTORAFTER VCJLLIME
."j,-I,.._9 C: CHANBE, CIJ CH
2BQ C: VR|,I_ REGENERATOR MANIFOLD DEAD VOLUME, CU F.:M
_Qi' C VSP2 _ VEHICLE SPEED TO CHANQE TO SECONO _EAR, M/_EG
2Q_: C VSP_: m VEHICLE SPEED TO C:HANQE TO THIRD 8EAR., ll/SEC:
2Q,_: C VT(_:., 4) m TOTAL ORS VOI..,UME_AT START AND END OF TIHE STEP, CU CM
',_4: C VTD ,_ TOTAL DERD VOLUME, CU CM
_5 C H,:'X,,Y., Z) m ARRAY OF NODRL GAS MR_E_
2e_: r: ,,,,?,l BEFORE MR_ FLOH m2 AFTER
287: C V=i _DIRBRTIC HOT SPRCES
,,-BE,: C V='2 HERTER MANIFOLD5
21_9: C Y=] HEATERS
290 C _'=4 REGENERATOR MANIFOLDS
_'9i C Y:5 HOT HALF OF REGENERATOR_
2L_2 C Y_6 COLD HALF OF REGENERATORS
29_: C Y=? COOLERS
294 C ','-'L_-.ADIRBRTIC COLD 5PRL':ES
_.9.::, C: Z'_i, 4 FOR 4 HORKINO SPACES
•_t m,_Vb C NRPH = NI[,,TH OF ERCH AIR PREHERTER PASSAGE, CH
297 C HRC = HRSS OF REL_ENERRTORGAS HOVIN8 INTO COOLER., G
298 C HRH = MA_S OF REGENERATOR GAS MOVING %NTOHEATER., G
2q'm C HTHM .= NALL THIL.KNE=,:-, OF TUBES IN HEATER MAN., r'.r4
":_3 C NTRM = WALL THICKNESS OF TUBES IN REGEN HAN.., COt

,.,,---' TEMPORARY VARIABLE 1
'"' =,PA..ING_,_N 4 C'YL_NDER MACHINE"02 r ,,,,1 - ENGINE " e "

E'CC" _.... "- ,,__, ,_ II II II II 11 II

-'E_4 C ..... " "
_O.. ,.,,4
-Lb C ,.,9= E,.,,P,:U_,_,,c._Y..,.,_ERO FOR SLON AIR FLON THR.OUOH PREHE'ATER
.'3.,07C ',,.:R= LC.R:+'.*2
.":'_8 C ,..,B : LCR - RE:
_O9 C "",',L,_ R / HN

1.8 C "'"'_ ' ' ",..,u,,= HORIZONTRL SC:FILEFFICTOR FOR PV PLOT,, CI1+.+:_
E_ii: C XH = HEAT TRANSFER FACTOR FOR _RS HEATERS
?12: C ,,,LOH: HORIZ. ,"ERO SLIRPRESSOR FOR PV PLOT., CH.+:*3
".:i_: C """,..,;,s,_4",= OLD, NEW VOLUHE RATIO
".':1'4 C: ,._T,..4.., = OLD,, NEN TEHPERRTURE RRTIO
.-'::t5' C ""' =,".X HEAT TRANSFER FACTOR FOR AIR SIDE OF APH
_i_ C '_",_.--HEAT TRANSFER FRCTOR FOR FLLIE GAS SIDE OF RPH
_17 C Y = TEMPORARY VARIABLE
.%18 C YY : TEHPORRRY VARIABLE
"-<19 C Z '- FLAG FOR HORKING FLUID., i FOR H2, 2 FOR HE., -=:FOR AIR
32_3 C _..""= TEHPORRRY. VARIRBLE



_ 321: C _.*_,_, STRRT OF PROGRRM,_,_*_,_
"', 322: DIMENSION THM(4), TCM(4), TGHS(2, 4), TGH(2, 4;,, TGC(2, 4), TGCS(2, 4),

323 : 1 P2(4.'.,, P3(4, 5), P4(..4), M(4), FP(4), TQ(4), VHR(2, 4), VCR(2, 4),
--_ 324 : 2 VCRi(4), VCDi(4), VHRi(4), VHDi(4)_ VRDI(4>, VT(2, 4),XX(4),

325: 3"- WHR(2, 4), WHD(2, 4),WRD(2, 4),WCD(2, 4), HCR_2, 4), TGR(2, 4), PI(4),
326: 4 TMR(4), QHI(4),T3R(4), CM(6), KME(6)
32?: INTEGER 2

""!/ 328: RERL LCR, LH, LR,HSH, HW,KK, KR, LC,M,ME, KRR, KRR, MGI
329 : RERL LHH, LHV, MWFG,I.RPH, MIR, MIR1, LHM, MIV, LRH, KM, KMX
338 : RERL NTRM)NTC, NS, NR, NTH, NTHH, IGt, NO, NRPH. KRPH, KME.
331: C BRSE CRSE INPUT IN ORDER OF CHRNGE TRBLE

_ 332" DRTR THMG,TPB, TNI, FWI.. 0M1/922. 2, 50,, 300., 1575., 40. /
333 : DRTR T1, DT, HE, Z, RGEt/3_O. ,.5, 90., t, 0. 54/
334 : DRTR NTHM..DIHM, FFF, THU_LHH/36. , 0. 472, 4. 85, 20. , 7. 95/
335: DRTR TCR, TID, TRC, TOTT, SPH/I. 0, i. 0, 30. , 90. , 22. 4/

:. 336" ORTR RC, LCR, DCY, DDR, DIH/2. 325, 13. 65, t0. 1.6, 4. 86, 8. 472/
337 : DATR WTHM, NTH, YHDX, NR,DR.,'0.984, 36., ii.59, 6., 3.5/
338: DRTR LR, FF, NS, MSH,THH/2. 5, 0. 2, 0o , 8. 0, Q. 0/
339: DRTR VCDX, FCR, DIC, LC, NTC,,'196. 02, 0. 95, 0. 115, 12. 9, 312. /

=- _40 : DRTR HIV, NTRM,DIRH, RFR, LRM/tlBB. • 36.,. 472, 1. 12,7. 95/
34t" DRTR DOH, LHH, TMRPH,LRPH, WRPH/O. 640, 25. 50, 0. 01, t0. , 5. /
342 : DATA TRPH, NRPH, PRL, PRH, NTRM/O. 3, 50. ,. 5, 10. , 0. 894/
34_" DRTR TST, HIR, RRF, NO, LHV/1000. , t50. , 16. 55, 8. , 46. 432/
344 : DRTR GCT, RGE2, RGE3, VSP2, VSP3Z1. 0, t. 0, 2. 0, 4. 47, 13. 42/

-'- 245: DRTR THH..TRH, RWT,TCY, THC/t. 5, 0. 5, 8. 41, t. 2F, 0. 381,"
246" DRTR G, HCL, KM, KMX, THCH/O. 0406, 10. 0_:, 0. 2, 0. 017, 0. 381/
347" DRTR QI, 02, 03, EIN, PBIS/1. , 2. , t. , 50. 0, 5. 0/
348" DRTR PBVS, TREP/1. 8, 5. 0/

_" 349: C DATA CONSTANTS

_0" DRTR PI4, PI,PI2, RAD, R/O. 7854, 3.14159, I.57'080,0.017453, B.314/
351 : DATA J, CPR, CPFG/5, t. 0.% 1. 20/

s,, 352" WR ITE (J,8806)
353 : 8006 FORMAT(" DATA READ IN" )

--, 354: C INSTALL BASE CASE DATA OR DATA FROH FORT10. DRT
_55 : WRITE<5, 8810)
_56: 8818 FORHRT<" TYPE 1 LER_._. IN BASE CASE DATA'/
357: i" TYPE 2 TO BRING IN STORED DRTR FROH LRST CASE. ">

-_ "358: RERD<5, 8011) I
-_ 359" 8011 FORMRT (13)

369" IF( I-2)958, 960, 9_;0 "

361: C READ IN DATA FROH LAST CASE

__ 362" 968 READ(10, 8004)THMG, TPB, TWi, FWI, OHI: 363" RERD<IO, 8004)T1, DT, HE..PGE1, KRPH
'_. -_64' RERD (18,8004 >NTHM, D IHM,FFF..THU, LHM
: _65: READ(10, 8004)TCR, TID..TRC, TOTT..SPM

366' READ(10, 8004>RC, LCR.,DCY, DDR, DIH
_67" READ(10, 8004)HTHM, NTH, VHDX, NR, DR
_68' RERb<IB, 8004)L.;_,.,FF.,NS,MSH, THN
_69 RERD(IB, 00047,VCDX,FCR, DIC, LC..NTC
_70 RERD<IO, 8004)HIV, NTRM, DIRH, RFR, LRM
_71 READ<10, 8004)DOH, LHH, THRPH, LRPH, HRPH
3;'2 READ (1(3..8884 >TRPH, NRPH, PAL,PRH, WTRM
Z.':73 RERD(I8, 8004)TST.,HIR.,RRF..NO..LHV
_74 RERD':.'IB, 8884)CHRPH., RFRPH, ARt, CZ, DEC'

_* I.tl| ttt|-".:75 RERC,,110,8084 ..,U,,,T, DT2, C',', LI.:_.._,CYY
_76 READ(10.. 8004.'.,FUEL., RT'IF,AH, CHH, OE:.'..'
3:77 RERD(iO, 8084".FRR,TIH.,VHC'.,YR[:',CHX

Q,,0 t. _ I_78 _EA[,,:[i0, 8004 ",'...'CD,VCDR,VTC, .',R,..',B
Z:79 PERD(10..'_ ......" . _"_=,r"_oOU,1'Fib,. BC'4 F I _.,_,,-,...,,..,CCY
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:}'
f

{_ 47,'G. 29_.. FORMAT,.'."* 71", Fg. 3, " * 72".,Fg. .:.3,: • 7_:, Fg.-'<," * 74:, Fg. .%

4127 1 " * "=" " _:,"" ",c:_ ,Fg.-":.. . * 76 Fg. _, " * 77",F9._," * 7'8",F9._.,
-"_ "*: Fg. S., * 80" F9 E:_ " *'",7 4 .:.,_', ".' T'_ " "

47:9 HPITE," J,_O_,PBX,%,TREP

_ ,.,1., Fg. a:.., . L',_. F9. _..' " * 8_: ", F9. _, " "; 44Pt 30 FORMAT ( " * o - o_. "., ':. * ,. 4 , Fg. a..,
" ,.,G., Fg. 2:., " * _-':_, F9. 3, " * 88'.,44 t j. ¢ o= ...... Fg..%,., J., Fg. a.... 1'","' " * ¢......

:" ....... ,_:" 5;'- 44.7: ,:.".' " .*: ,99.., Fg. -':, '¢' 90"., Fg..¢,
. 447 N_I TE,: J., .-,e,..•" 13 .I

" 444 2::' FOP.MRT,I" "., 7t," :*".'.,,,'" II ""'''"'"" '"' ........ '.. ,,.,:,,,,,..,,.,,,,,'.2,:.,,^,?_, 2,,_....."T'T'PE ,'4_ TO CALCULATE"
i' 44.5 1" AND FILE INTERI,1EDIRTE VALUES",.':.,

44_ RERC,(5...'.:6":, JT, QO

!. ,44, _6 FORMAT," I2, " '*....
• 1,.,, F:tO 2._

'" 44:q IF(J7 EQ. 99:, GO TO 140
,b49 Tr':" *" '_" '= 4".,,-"_
,*5:'i -:3 II ,: 57-L9"47.4,'3, 7:.'.:,

I 451 -.9 IF, TT-;--:tg_49,4'_ 4t9

•.Ira:? 40 TF," T7.-7'9',50, .-'St..t,4I.

I 4'T," 41 IF.;T7-.$'B)SJ.5i, 422._...t 4.'.! !P, 'r?-_.,'9)_>':.:, 572, 4._
..t_ 47 l P ,"Tr.-,f..'? ', L?cj, t20. 1.2 t
,_¢ ........_.-,I IP," T'P-.7'9",15,0.. 15"t. 1-e.,I.
.t_'" J.'7,L IF.' "7-.:'._ ,.t'?.n 1'9P.I 191.
4"-.,:_:.- • .g" k r..n rn,?

et,-_
,, ,t r° I-O'l TI-I ,'q.-:. _'1' _t-" e".- q7 _IV'I r_,_ _L',I, G]-" 1.

.t,-'.!. ,'_A Tr, ,',C-" _'?. ,-4, _5.5_. ,q7 :.':.:, 69 -:"0, 7.t",..1"7 ,
J ,'".2 4't r7 .r_ ..-1,n

" '-" .174,_7 ,Sr_ TC_ ...2.77,74. Y_. 7,_, 77.7'.-'I,, 79, .:,O, 81,,
4.rq4 tlr'! r--,. 1"7 --..u'"U

.I .'..,: 'u,! IT -..IT-- =":'_
4 ¢7 'STY.Tq "5 ,'2_:q-_......'q,l, '35 96 97 r.:,-,,.>.,a¢4...l.O0., J-Ot ) J7
4,"C; _2 t7=: tT-4q

,i:q G"_ TN :102. I.A-' I._3-I, LOS. 106 107, _', , iO,'.:, "tO9., 1.10, .111 >, J7

4.70 :I2A 17= t 7--=,9
47t qq TO ,'1"" 12-'5_,, '-'f;, "_£ . . .,,.,:.. 122, 124, l ..... 1.27., l-'-, 129 :lZ'O, t2t;' J,"
-I7,7' ISP JT-- _7-,_'.-3

1 j . ,47-' Cil'l TO " l _r' _-. ," :_, =.I...:1.:,,I, I._,:.,,1r37, i._,rx,I_,'ra,:I.60,i61>, ..IT
474 ' 190 J7 = t7-7'9

.... l 9.:,, i99, "¢•7"3, ']0 gq ,"t32, 1/97., 194, 1':_5, LL'_b.,'-"197. ' " .: :0. 20t :,, J7 dl

-1.7_ '-,-- THI'IG_O" ]
477 Ci"lT n'
4 7'-: 54 TPEt_PO

47'). G",TF*e4 i
4 ::_C_ _, TI,II :r, -,
'-$gt I r_OTflq

4P!S' r.,_ Fbl I =F..tO
4 9 - q0 TFI'9

I' 4:".14 "i,7 fq'll -_¢"
,1;:.:_ GOT _r:*
,.$A6 _:: T t :Or,
,4E',7 _]riT Cr'a
.t,. ,:, _q [,T-.r.',
1 '.': ' qOTq,a
,P'*O _0 I'IE_r.n
,| "41 t]l°ITl"l'q I

m !

I

.... 7 .................- ....•..........."-".... :'
_=':'-'- .....'---,_._ .:;;......12 __7=," " ...........-. ..............

,,,,,,, , ,, ..........
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" 492: $I Z=Q_ 512: 86 MSH=QQ
i,
_.,.. 493: GOT09 543: GOT09
; 4941 62 RGEI=QQ 544: 87 THW=QQ
,_ 495: GOT09 545: 00T09
_:_ 496: 63 NTHM=QQ 5A6: 88 VCDX=QQ

_!, A978 OOT09 547: OOT09

498: 64 DIHM=QQ 548: 89 FCA=Q_499: GOT09 549: OOT09
500: 65 FFF=_Q 550: 90 DIC=QQ
501: GOT09 551: GOT09 ..
502: SS THU=QQ 552: 91 LC=QQ
503: GOT09 553: GOT09
504: 67 LHM=QQ 554: 92 NTC=QQ
505: GOT09 555: GOT09
506: 68 TCR=QQ 556: 93 MIV=QQ
507: GOT09 557: GOT09
508: 69 TID=QQ 558: 94 NTRM=QQ
509: GOT09 559: GOT09

510: 70 TAC=QQ 560: 95 .DIRM=QQ :i
511: GOT09 561: GOT09
512: 71 TOTT=QQ 562: 96 AFR=QQ
513: OOT09 563: OOT09
5141 72 SRM=QQ 564: 97 LRM=QQ
515: OOT09 565: GOT09
516: 73 RC=QQ 5E6: 98 DOH=QQ
517: GOT09 587: OOTO9
518: 74 LCR=QQ 568: 99 LHH=QQ
519: GOT09 589: OOTQ9
520: 75 DCY=QQ 570: 100 TMAPH=gQ :
521: GOT09 571: GOT09
522: 76 DDR=QQ 572: 101 LAPH=QQ
523: GOTO9 573: GOT09
524: 77" DIH=QQ 574: 102 WAPH=QQ
525: 00T09 575: GOT09
5"25: 78 WTHN=QQ 578: 103 TAPH=QQ
527: QOT09 577: GOT09
528: 79 NTH=QQ 578: 104 NRPH=QQ
529: QOT09 579: QOTO9
530: 80 VHDX=QQ 580: 105 PRL=QQ
531: OOT09 581: 00TO9
532m 81 NR=mQ 582: 106 PRH=QQ
533: .. OOT09 583: QOT09
534: 82 9R=QQ 584: 107 WTRM=QQ
535: GOT09 585: OGT09
536t 83 LRmQQ 586l 108 TST=QQ !
5378 OOT09 587: OOT09
5381 84 FF=QQ 588: 109 MIR-Q_
539: BOT09 589: GOT09
540J 85 NS=QQ 5904 110 RRF=QQ
541s GOT09

82
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:.j 64F3_, C HEAT CAPACITY OF AIR PREH_ATER METAL ASSUHIrIG STEEl. HITH
i.

e,4_ C _8 .£.I..LI CH K HEAT CAPACITY
9 6._'313: 14_3 CMflPH=LAPH*,HAPH'_:2,*NAPH*TIIAPH*.'.,_3k%.,'I"I0

,; 651. C HEAT CAPACITY OF ENL]INE FIETAL NODES

!/" g52. ',,",_P14*DCY*, T( THH+THCH ':, i

li 657-". Y'=PI,i;DC'4.1,,:'TC.:Y+THC'_*HCL ,,'2,

. _,.:,4. 2Z=P I.',,C,IH14_:HTHI"I,_:NTHI'I*L HH,"2 i
"f;1 r.,,G.J.-' r'H ,:'t ',.=r'P-, *...... r.
g._-e'; ,,,,--P14",:'[_OH_:*2,_[',IH**2, ).*iqTH+;LHH,."2. "

_,;, _-r31_ Y'.-:PI +.DI RH:H,ITF'H, *LPH,."2... p;r_,_ L,M* ._, ,i..i,., )_.ly 'l _,_.'i, I-_ILT_

_ e_C,I :,';:,"-F'1,4.,:'DF'+F'HT ) **2 * TRH+hlI;'
g_.,l _.,_.=-PT,_,t'_F'*F.NT'+:I..P,,'_4+F'I,$, „���x�_,._,,-.._.I.I_,'$+IrF-

_e,,-: 12H, ,4,'= '.4+,:',.+¢:...,* ..,;,3Q

i,. 694 L': FL.t'JH AREA IN F'REHEATERI _-E;.'_ AFAPH,aHRPH*TRF'H_NRF'H
g.,e;e; C" HEAT TRANSFER CONSI'RNT'-.':
F.'.,_7 RRI=F:AF+:I,
6_8 CZ=f.;PFG*RR_.
._56;_. DE_=:,'L *NAPH*TAPH/,.' HAPH+1 AF'H',
e.7_3 U,v,¥=LAPH*HAPH*2. *NAPH,." ( NO*CZ >
671 DT2=LHV,+ '.tFJ_30.,.'CZ
G72 CY=L':PR*PRF,+,4 ,."CHAPH
67-: IJ',.',',,.¢=t.APH*HRPH _'2. *NRF'H,." ,:iNO*RRF _C'PR:,
_--74 CYY =CZ*4. ,/CMAF'H
GT.r., FUEL,_:Ct
GTg C I"IINIHUH FLON RI:'FR FOP FLUF GAS THROI.IGH GFIS HEATER
,;77 AI"IF.:[,OH*LHH.*HTt4,,,'2.
e.7;-: C HEFIT TRANSFER RF'.EA GAS HEATEF' FOP ONE CYI..INE,EI;'
_379 RH=P I+F',OH_.LHH+NTH
_:_3 t'. HEAT CAPFIC'ITY OF GA'5 HEATER FnF'. nNE FYL IN[,FP
,g:-'.:.t r.:r,lH-:4 71.+ F'1;,4.+.,:'b_3H+,:_;2- l",I I-1+,*;2", �„�.HH*,NTH
,-_:.::," F. INIRI 17.FITIONS
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gq7 1.n FnPI,1F_T,"!"7..",
_'","-' Gr TF '_,' ,j . ,,

,:;n,a 1.;'1 ':,'PI', .,NIa'+.F'T,I*r,b'._ _,°' _, I.f;'-.," +P l,t _I'_"_:.4.H":.}t_]'I tb}!,t.7' ,
T'(_n _TI't:',..',l;'1 _,I'.iF'_F'T,_,*F,P*.+,-":+I.F-'+H'-':.N_r r.l_T_II,_
7c_I ::--NR_I,_'__7' _,lF'
T'n,-' FF.- , . ',--',.,'l_'l-,,. ",'
Th'_ ,'lt"_Trl !.T'7
,"r_,i 1.;':' Y'F'F,-PIb'_F'T,I_I,F'_,:'_LF,, ! .gr,
T"l"iS I'.bl'.'. ,I 7'l '_tl!,'* F'Il,'F,t_'l +,/+I_'+FF
."i-h. 17-" r I/!1'1" I ,i'll IE

1"#4

;' -.".:. .....x...>...,:--,+o...... a.,,:. ".... ",._,_::...; .".._L; -":..:r" _-!-_-,:,.-;y-.... ..::..... .. "<

' O06000Ol-T.q n



tzJ
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1,, ':F_ 1 KP--I;'I

71 7 fhr"l'-F'14_[,C"I'4 _,"
.' 1' I"F',' r'l,t, , [,C'r' +l ,':'.--F,F.,P_+.,.",
"!"" F'I ,' _1"1 ','
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7S61 C THERMAL CONDUCTANCE BETWEEN APH METAL NODES
7S7: KAPH=KM_,TMAPH_WAPH_NAPH'_,2, ,_=NO/LAPH
7SB: C THERMAL CONDUCTANCE BETWEEN ENGINE METAL NOISES.........
769: KME I'.I)=KM_:PI_'DCY_,(TCY+THC )/HCL

. 770 # KME(2) =KM_P I _,DI HM,_WTHM_=NTHM/LHM
771 : KME ¢'.3) =KM_,PI__,(DOH_,_,2-D_H_2 )_,NTH/LHH

: 772: _(ME(_) =KM_'PI_'DIRM_,WTRM_,NTRM/LRM
7731 KME (5) =KM_=PI_,DR_RWT_,NR/(LR/2, )+KMX_=PI _,DR*,_,2_zNR/(LR/2. )

"'; 774 : KME (6) =KME (5)

=. 775= C WRITE TRANSFER FILE TO DISK
776= 800_ FORMAT(5(Fg. 3) )
777: WRITE( 10, B00a) THMG, TPB, TWI, FWI, OH1
778: WRITE(10,800a)Tl, DT, ME, ROE1, KAPH

. 779: WRITE( 10_ B00_) NTHM, DIHM, FFF, THU, LHM
780= WRITE( 10, 8004) TCR, TID, TAC, TOTT, 8PM
781 : WRITE( 10, 800_) RC, LCR, DCY, DDR, DIH

782: WRITE(10,800_) WTHM, NTH, VHDX, NR, DR
7S3: WRITE( 10, S00_) LR, FF, NS, MSH, THW

784: WRITE( 10, 800_) VCDX, FCA, DIC, LC, NTC
785: WRITE( 10, BOO&) MIV, NTRM, DIRM, AFR, LRM
786: WRITE(10,800_) DOH, LHH, TMAPH, LAPH, WAPH

_i_. 787: WRITE( 10, 800_) TAPH, NAFH, PRL, PRH, WTRM
788: WR ITE (10, 800_) TST, M IR, RAF, NO, LHV
789: WR_TE( 10, 800&) CMAPH, AFAPH, RAt, CZ, DEQ

3 790: WRITE( 10,800&)UXY, DT2, CY, UXX, CYY

791 : WRITE( 10, 800&)FUEL, AMF, (qH,CMH, QEX792: WRITE(10,800_) KAR, TIM, VHD, VRD, CMX
"_ 793: WRITE( 10_ 800_) VCD, VCDA, VTD, XA, XB

794 : WRITE( 10, 800_)ACY, BCY, P132, RC2, CCY
795: WR ITE (10, 8004 )EARAD, EADEG, I)IST, OME(3,GCT

"" VHA(I,_),VCA(I, 1)796 : WR ITE (10,800_ )VHA (1, I),VHA (I,2), VHA (1,...),
797: WRITE( 10, 800_)VCA(1, 2), VCA(I, 3), VCA(1, &), V.T(1,1), VT(I, 2)

798: WRITE( 10, 800&)VT(1,3), VT(1, _), CP, _V, MW799: WRITE( 10, 800_)RX, KK, CA, P_R,XC
800= WRITE( 10, 800_) TQV, IG1, VHM, VRM, RGE2
801 : WRITE( 10, 800&) RGE3, VSP2, VSP3, THH, TRH
802: WRITE(10,800&) RWT, TCY, T'HC,G, HCL
803: WRITE( 10,800_)KM, _MX, _HCH, QI, Q2
B04: WRITE( 10, 800&)Q3, EIN, KME(I ),KME(2), KME(3)
805: WRITE( 10, 800_)KME(4), KME(5), KME(S), CM(1), CM(2)
806: WRITE(10, 800_)CM(3), CM_&), CM(5), PBIS, PBVS
807: WRITE (10,800&) TREP
B08: 5000 STOP
809: END
810:
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" I C +_. �_;+ \+,.+.,4F'F'C*GPAH" '.I'ITI.E,F'CIF'  .++*._ �_;:+._.,.H-*.+.,_.+: L++..+,+;:+:., �2 r; I,IF'TTTFI'I FIY HFIF'TTNI ENI3TNEEF'INIT_ I.IM[,EF' rC,NTF'ACT I'IUMF;EP

i:'
I_. 7 C [,EN- --;-'.26 FOP NR'SA-LEHIq I INE',FF'.THE [,rJE AE,VANCE[, RI_ITCtf,ICtTf.Y'IF
I'. 4 C PPnF'LII '-,fNN F'POGF.'.RN CNTI_B F'FR[I'; frl THF II'.IF'I.IT I?,RTR FILE
F. ', F GFI'IFP_TFF', f lq CI'.ITI..R fiND CAt CIILATF_ FIN[:, D TSPI...AY'_ F'ESUI. T'.-,
; ,:; r I'I'ITI. E_ 'lql "' LRTES THF TPRI'.I'-3TFI'.JTF'EPFrlPMIZlNCE QF R ,$ r'YI.IN[:,EP.p

T" ,T F,OLF:LE Rr:TfI'P.-.i 'STIPLINCt FN_3IMF NTTH TI..IFH.II..FIPHERT F',-.',CHANFiEIi"T,

p' ,'= F ANt, F'FIPFILIL:;F'FI3EI'IFF'I3TQP. rFIriNECTF[, TC, A Y'FIITCLE THI_I31JGH £ GEAR E,u,"'
,q r THF PE*'z[F,FN1".,., [,I;'1',,'1N£i. cYr_LE_ FOH'T;I'.,T'_,. r.iF IERTI.IF', CI;'£iNF'I1'113,[[',LE,L

' l ¢_ ( Ffl: ("EL.EI:'RT'{ 13N FPOH "_ ' " ' "

,.EFO TO *.FI_I._,E SF'_Fr, FIN[', Hnl..r., TI.-IFiT '_.r'.FEr,
1t r '_,ECrJNr, RNI:_ THIPF', 6FaR r.HANGES RF'E ';PErIFIF.[', DASED LF'"IN Y'EHI£1.,E

..,FFEr, F,FF_P C'HRNGF lq I-ft'IFRtm I,IfTH Ft '-_F'[CTFIFF', TIr,IE
I r I:NTLl't II"-E',-" t"t'T, R EIFI'_F *.FI',E TH-F r, fMFNSION'_,I,_F THE 41.;T'_" ENGINE
.14, C CNTI..E_ FtI?,IIIST'_ THE TII,1F t-".,TE'P""• _,U THRT TIE ANr_LE TNr'I;'FhtFNT ft.'..
1,'3, C F:ETI,IFEti 7 RNI', "..e [,EbF.EE:-, THE PImCH3PRHHR"; NO I.INIT Tn FLON
t,_ C ,7....._,_,r_IP_-',N¢I[',E'_Of;'LHRNL_E IN GR'S IN',,,'ENTO_'Yr.'r,NTF'OI..IS E'Y.,
I7 i:'C'HRNGF IH GR"_ INVENTOP'A

1'-'-'..., r. +.++,,_:* STRPT I.'IF F'F'OQF'RI"I ..+:+.•
.... "' '" .IPV,'._,t._ r>Ir,IEN':',ION ,.,T, 4 ,, IF .+:.,4', " 4':,,

... '' ' , ,:-,.,, F'4 ,"4 :, 4.", ....2¢ L F,.., ,1,, F'S,",4 "" , t'l,' FF', 4', TI3,".4':, VHA,"2, 4',., Y'C'Ft,:',._,,$':,
,"i :? ',,,"r,:2,4",,>',',,",,:4,,
"_'" F,t ,'4",.,I",,,'r,l,,",4 ',, TI._R,.,_,,'_ 4.,
,'?: 4 r_H[,"4',, T"R,"4':,, TIN,:'IO',, E'.:"F' , T'HI,:'IO',, TI"I,"_,, 4',., EY,"8",., k'.HE,".M',..
+,,t _ *',1"1,":'_",, TMR,' '::, 4',

."¢.. £,tt'IENS 101',1_Tr,lt,"6, 4",., N,::2.,8, 4', , r:Y 3,":'..,.,4",
27 F;'FRI. I. ,:t;', I_H, LP. t'ISH, HN, F"Y',K'R. LC., t'l, I"IE, I'.::RR,MGI
..."'-" r:,E_l LHH. LHV. NNFG., LRPH, NIP. HIP1., I..HFI.,t'lfV. _,F'H, rl,_.,,"H;"
"'", I;'EF4L MTPH, NTC M:,, NF', NTH. MTI4t,!. IG£., 1'4c,,I'.IRF'H KFtPH. vr,1 } tl,,,, k'.hlE
'C_ F ,r,r4!-t'_ -I" _'_.:TF41',IT'q

-1 r,r4TF4.Pf4. F'I . F'T:'.. PAD. F''n 7':I_,,$, -' J 41%':__... t. _7r_rR.... ,.n 01745_, o" '" 1,-t.'.
T.:.' [,RT¢_ t, r F,:l. r.'F'F,5,'_ .1. OT. t 2_,'
:-' ,'_.l.+.+.+ F,FRr, TmRt_'.--,FEr-'F_'I..E FFOH [',l:_l.
".1 '_'00._ F'3F'H}qT,'"-; F3 -,',
-'-. F'EF3r', ,' to, ::_On4",TFIt'!G TI::'E=,TNT, PNI. CH'II.
"_: I:'FPF, ,' 1¢* :qcjFt4.,T 1., r,r. HF, PriE t, I_"RPM
- 7 r;'F_IT-, , tO '_OF:4 :,NTMt',I.,r.,! HH., FFF, THI=. LHM
-o..... F'ER[, ,.::tO '-"_004"",TCF', TI[',, TFtI"., TOTT, SF'N
:'9 _ERI?, "re., :.-'-_R_,h4:,E'C, LC'P, DCY., r,[,l;,, DIN
.tn I;'FFI!:,, tn, '._004', I,ITHH, NTH, wHr' :.:, NR, PR

• . I I" I I"41 I;'ER[, , tO, 8_04',LF., FF, Nm., tl:,H, THH
"' , o004" VCDX4,.: F'ER[, ,'.tC, "_ • , FCR, btC., LC', NTC
4_ RERD ,::_0, 8O04',HIV, NTPI"I, DIRN.,RFI_, L,_t,1
44 _ERF', ,':10, 8CtB4?.,DOH LHH., TIIRPH, LRPH., bJRPH

4_ F'ER[, ,:.tO, 8004':, TRPH, NRPH, PPL., PRH., NTRN t
4_ G'.ERD ,"10., 8O04?,TST, I'IIR, PRF., NO.,LHV I
47' RERC, ,':10., 8004", CI'IRPH, RFRPH, F'R:L,,CZ [:,EL3 l

¢. , ,, i-._I,1 *.,*.., l::*t,_rt41q I;'ER[, *"'11,3.... I)(_4",1.1,,.,.._,DT2 .... I_1,,-,,.,,
4':_ I_EA[, ,."tO, BOO4':,FI.EL, RMF., RH, CNH, QEX
50 ImERD (:tO, 8E_O4",I.RG.,TIN, Y'HD,VRD, CNX
51 PERD ,':10., 8004 :,VCb., V,tDR,. VT[:,., ',,:',R,,:'_B"
_,'_.._ RERD ,:1Lt., 8OO4',RCY, B£Y, PI3:2., RC2., rr"u__._
%S RER[" "18, 8OPl4)ERPRb, ERDEG., _,ISF, ONEG., 13£:T
'__,4 _'ERD ,:'tO, :?,884 ) VHR '."t_.,.1._,, VHR ",'1.,, 2 )., VHR ( 1., Z", VHR,"'1., 4 '_.,VCR _ '.1, :1.>
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5_ | READ (t0,8004 )VCA (t,2),VCA (&,_),VCA (1, _ ), VT (1, i ), VT (t,2 )
5S| READ (t0, 800_)VT(t, 3), VT(t, _), CP, CV, MW
571 READ (tO, B004) RX, KK, BA, KR, XC
581 READ ( 10, B004) TQV, I@1, VHM,VRM,RBEP-
5_31 READ (10, 8004) ROE3, VSP2., VSP_,,THH.,TRH
601 READ (10, 800/_)RWT, TCY, THC, O, HCL
611 READ (I0,800/_)KM,KMX,THCH, @I,(;12
621 READ (10,800/;) Q3, SIN, KHE( 1 ), KME(2), KME'(3)
S3l READ (10,800/_) KME(_), KME(5), KME(E), CM(1), CM(2)
6/_.1 READ ( lg, 8004)CH(3), Ct1(4), CM(5), PBI8, PBVS
ES' READ (10,800A)TREP
6SI WRITE(5, B008)
S71 8008 FORMAT(' FILE READ' )
E_l C*_"*$*INITIALIZE VALUES
69z C OROANIZE TIMES FOR OPERATINQ CYCLE
70| TT'O.
711 TI I"THU+TCR
72| TI2-TI I+TID
73: T:3=T 12+TAC
7_: C BURNER INITIALIZATION
75 : N=NO
7S: NO2=N12
77: DO 200 Iml,N
78 = TOU (I)=TI
79: TIN(1)=TI
80: EY(1)=TI
Bl: 200 EX(1)mTI
82 : TIN (N+I)=TI
83 : TA=TI
8_ : TD=THMO-TW I
85: FLAME=T I
8S: TOU (N+I)"T 1
B7 : CFL= 1000,
88 : CFH=O.
89 : CFF=O
901 C INITIALIZE CUMULATIVE HEAT INPUT AND METAL TEMPS
91: DO 198 I=1,/_
92: TM(I, I)=T1
931 TM(2, I)=T1
9Z_: TM(3, I)=T1
95: TM(_, I)=TI
9S: TM(5, I)"(TWI+TI )/2.
97: TM(S, I)=TWI
98: M(1)=O. 0
99 : 198 QHI(I)=0,
108: C SET PRINTOUT OPTION
101 : JmQ2
102: C INITIALIZE VEHICLE INERTIA
103l VIN=O. •
10t_: C INITIALIZE ENGINE AND VEHICLE SPEED
105 | OMEG=O. •
10E | SPV 1=0. •
107 : SPVD=O. •

89
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rOBe C INITIRLIZE WDRKINQ TIME GTEP ..
109 : I)DT-OT
110: C INITIRLZ'Zi_ TQR(_ILIE8
111 I TQBmO.0.
1121 TQV=O,0
1131 TNETmO.0
114: C INITIALIZe. ENOINE RN@LEB
1151 EARAD-O, 0
1161 REVBO.0
117 : NER'B
118| NOC'-I
119._ II I RI "0.
120| ROEBO,
1211 C INITIALIZE ENO;NE PRESSURE
17.21 DO 950 I "t,/_
123: 950 PI (I) ='PRL
12_l C INITIALIZE FLAO TO CALCJJLATE CONDITIONS AT CRANKINO _
125 : 102"0
126: C INITIALIZE OUTPUT FLAqS iI
127 : POF=O. 0
128 : ODF=O. 0
129 : GDI =TOTT / 102/4.
1301 C_'_*_**', DRAW GRAPHIC FRAME IF OPTION IS ON
131: C GRAPHIC FRAME
132: IF(Q1-1.00) 15B, 157, 15@
133: C DRAW OUTLINE
134: 157 CALL CLEAR
135: I1-0
13St J1"0
137: I2"1023
138: J2"0
1391 CALL VECTOR( I1,3"1, I2, J2)
140: I1=1023
1/_1 : J1=779
142: CALL VECTOR(I2, J2, I1, J1)
1_3: I2=0
14/_I J2=779
1/_5: CALL VECTOR( 11, J1, I2, J2)
1IS: I1=0
147 : Jl =0
1IS: CALL VECTOR(I2, J2, I1, J1)
149 : 11 =700
150: _1=0
151 : I2=700
152 : J2=77_
153: CALL VE'CI'OR(11,Jt, 12,J2)
154: C DIVIDE INTO /_LAYERS LEFT SIDE .....
155: I 1=0
156 : J 1 =629
157 : I2=700
15@: J2=$29
159: CALL VECTOR(It, Jl, I2, J2)
160: JI=479
1SI : 32=47g
162: CALL VECTOR(II,JI, 12,J2)
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i? t63m ¢ DIVIDE INTQ FOUR LRYERG, RIGHT _ZDE
t6_, 11_7_0
165a Jtwt90
t661 t2-1_3
1671 J2-190
1601 C_LL VECTOR(II,JI, I2, J2)
169l J_'3OO
170! 32=3B0

;! 17tl CALL VECTOR(tt, Jt, I2,.J2)
172m J1-570
1731 J2=570

• 17_1 CALL VECTOR(Xt,Jt, t2, J2)t75l C.-ORRN SCHEDULED VEHICLE SPEED
I: 1761 ItmO

177| Jr=E32
178| Z2nTI21TOTT=700
t7Yn J2-G32
180, CALL VECTgR(It,Jt, I2, J2)
IBI| IImTI3/TOTT_,700
1B2| Jt=77E
tB31 CALL VECTOR(IZ, J2, I1,31)
1841 I2=700
1B5= J2"778
1B51 CALL VECTOR(It,Jt, I2, J2)
1B7| C DRAWSCHEDULED ENBINE SPEED
tBOl 11=0
189| Jt'4S2
190| I2=THU/TOTT*'700
191= J2=4B2
192l CALL VECTOR(It,Jt, I2, J2)
1931 It=THU/TDTT+*700
196: Jt=55&
195= I2=TI2/TOTT+,700
19S: J2=55_
197| CALL VECTOR(It,Jt, I2, J2)
198= C DRRW HOT METAL OOAL TICK (THRG)
tgg= II-0
210= J1-200
201= I2"10
202= J2-2EO
203 = CALL VECTOR(I 1, Jt, I2, J2)
204= g DRAW COOLINB WATER TERP TICK (TWI)
205= J1"10
20S= J2-10
207m CALL VECTOR(It,JI, I2, J2)
208= C CALCULATE DISPLAY PARAHETERS
20_= PDIF=PRH

211m XDVm(ACY+BCY)$RC2
212= 15B CONTINUE
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,.,._

- 2131 C_,_,_,WRITE UNIFIED PRiNTOUT--RETURN .POINT FOR MRIN LOOP
;.:14t 40t IF(Q3-1.0)390,41_2,3':30
215l AIB2 IF(TIM_POF) 3fl0,391,351
216 m 391 POF,'=,POF+TREP
2171 WR ITE ( _,8025) T IM,CFF, REV,OMEO, BPV I,BPVD, DDT
2IBs B025 FORMAT(SFS, 5,F_. 5,2FB,25
2191 WRZTE(J,t_022) F_N(I),TIN(25, TIN(3), TIN(4)_ TIN(_), TIN(_5,TIN(7),
22¢;= _ TIN(B), TIN(g)

• 221 | WRITE(,;, 00225 EX ( 1), EX (2), EX(35 t EX(4), EX(5), EX(65, _X (7),
222= % EX(8_, FLAME
2231 WRITE(3, 8022) TOU( l ), TUU(2)_. TOU(3), TOU(/_), TOU(55, TOU(6), TOU(7),
22_I I TOU(E_),TOU(9)
225m DO tg I'1,/_ i
226# 10 WRITE(J, 8022)TM(i, I),TM(2, 15,TM(3, I),TM(A, I),TM(5, 15,PI(15,
227= t M(1),VT(I,I)
228: B022_ FORMRT(g(F8.2) )
229 | WRI TE (J, 8022) TNET, TQS, TGIV,V I N, HIRt, ROE
2301 C,_'_,'_s*'_DIBPLAYDRAPHIC, DATA, PART 1
231l 390 IF(QI-I. )2B, 21,20
2521 C CHECK TO SEE IF PLOTTING SHOULD BE DONE i
233_ 21 IF(TIM-ODF) 2B, 39_;, 393 I
2341 393 ODF=ODF+ODI .I

2351 ¢ SHOW FUEL FLOW RATE
2361 11=TIM/TOT.I"_7e)R)
237 : 31=CFF/FFF'_777
238 : CALL POINI( 11,3t)
239: C SHOWAVERAGE HEATER TEMP.
2_0s Jr= (TA-TWI)/TD_IgiB+tO
2/.111 CALL POINT(It, 31)
2/_21 C SHOW FLUE (]AS TEMP. ENTERING PREHEATER
2_3 : 31'- (T_L; ,,N -TWI ) / TD'_,t90+ t 0
2&& I CALL POINT(11,J I)
215l C SHOW FLUE GAS TEMP. LEAVING PREHEATER
245n J1m (TOU( 1)-TWI )ITD_ 190_ 10
267 : CALL POINT( 11,J1)
248l _ SHOW AVE. HOT METAL SPACE TEMP (NODE #I)
249 ; X=O
25(a1 DO 1/_5I=I, a
251 = 145 X=TM( I,_.)+X
252 : XmX f_.
253 n Jl= (X-TWI _/TD*'190+10
25&1 CAL-L PO_NT(II,JI)
2_51 C SHOW AVE METAL TEMP HOT END REOEN. (NODE #&)
2'351 X=O
2571 DO 1&6 I=t,&

i_ 2581 1_B X=TM (/_,l)+X
259n X=X/_.

::: 2601 3'1", ( X-TWÂ)/TD,I,19g+ 1B
261l CALL POINT(It,J1)

'" _21 C SHOWAVE, METAL TEMP. MIDDLE REOEN. (NODE #5)
-. 2E,31 X=O
_' 26_1 DO 1/*7 151,4

265m 1_7 X=TM(5, I)+X j
2_6 = X=X/_. (267 : J1= ( X-TWI ) ITD_'t90 �1B
2681 CALL POl NT ( I I, 31 ) 1
2691 IF(TIM:THU) 21%,20,95&

.r
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.%

_ 2t01 C BHOWENQINE SPEED

*,_ 2721 CALL POINT( Z1, J1 )
273 | IF (T[M-T 12) 20, 20, _53t,

_ 271¢! C 8HOW VEHICLE SPEED
3"_5_ 95_ JImBPV 1tBPH_144"1"G_2

I: ".'Yf,' CALL POINT( X1, ,:I)
_:; ;'" ; 20 CONTI NUE
': .1_,._ C,_$$_$D|SPLAY GRAPHIC DATA, PART 2

,.,. _77,1 C PLOTTINO FOR EVERY TIME 8TJEPOF 4 P-'V DIAORRMB
_/ 2t"q'_I C CHECK TQ BEE IF OPT! ON--IS ON
i_ 281 m IF(_I-1. )852,853,852
,' 2fJ2m 853 IF(TIM-THU)B52, B52,854

2S,_l 854 DO 985 1=1,

!:_ 2B_: IPV (2, I ) ,, (CVH (8, i ) -XLOt_)*_2_/XDV+TBB,: 285: JPV (2, I) =PI ( I7 $1901PDIF+If|O$(_-I)

i 286 | CALL VECTOR( I PV ( I, I ), 3PV( : 1I ), I PV(2, I ), ,IPV ( 2, I ) )287m IPV(I, I)m'IPV(2,I)
2881 JPV(I, I)=JPV(2, 17
28_'_I 985 CONTINUE
29,0 m 852 CONTI NUE
291 : C_'_*ENOINE AND VEHICLE CONTROL SUBPROORRMPART 1
792: C CHECK TO SEE IF HEAT UP TIME IS EXCEEDED
2¢_ m I F( T I M-THU) 503,502,502
;.._.',_.m503 I01=0
2_5n GOTO 501
%'9£,: C FIRST TIME CALCULATION OF OAS MASSES AND INITIALIZE PRESSURES
297= C AND SET GAS TEMPS. TO CURRENT METAL NODE TERPS,
298= 502 IF(IS2-1)504,506,505
299: 504 I02"1
.'_Om C REDUCE TIME STEP AT START OF CRANKING
3_1, DDT=DDT/10,
.'.'.'.'_02m X=PRL_MW/R
303 n DO 507 I =1,
30t_n C NODAL GAS MASSES
305= W(1, 1, I)=X_VHA(1, I)/TM(1, I)
3_= W(1,2, I)=X*VHM,_2./(TM(1, I)+TM(2, I))
307 m W (I,3,I)=XsVHD$2. I(TM (3,I)+TM (2,I))
308, W(I,4,I)=XsVRM$2. I(TM(_, I)+TM(3, I))
3_" '_I,5, I)=XsVRD/(TM(5, I)+TM(4, I))

, ,B, I)"X*VRD/(TM(S, I)+TM (5,I))
4_, _.,7, I ) =X'_VCDtTW!

31_. 8, I)=X*VCA(1., I)/TWI
313 m _ MASSES
314| .'o..& ) mO, !

315: DO 980 K'I, B
_: 316: _BO M(I)=H(T)+W(1,.K,I) _

317m C PRESSURES
318: PI ( I )-PRL
31_: C INITIAL PRESSURE PLOT PARAMETERS
320l JPV( 1, I )"(P1 ( I )-PRL) _1¢)5/PD! F+1¢35= (i- I )
321 | C AVERAOE GAS AND METAL TEMPERATURES
322: TGA(t, I,I)=TM(I, I)
32.3m DO _81 H=2, S
':_4m TMA(K, I)=(TM(K-t, I)+TM(K, I))/2,
325n 9B1 TOA(1, K, I),,TMA(K, I)
32S | THA (7,I)=TW I
327| TMA(B, I)=TWI
328m TOA(1, 7, I)=TWI
32_# TOA(1,8, I)=TWI 93
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,p,

.': 3301 C EIURULRTIVE OREtVOLUMES
; 33|| CVO(I, I)=VHR(t, I)

_331 CVG(3, I ) =CVQ(2, X) +VHD
!'._ 33/=u CV(]I;_, I ) =CVO(3o [ ) _VRM
P', 335n CVG(5, I).wl:Vl3(/_ I)_VRD/2.
i 336n CVO(6, I)'CVO(5, 1) _VRD/2.
' 3371 CVD(7, 1) mCVg(E, I.) +VCD

t_ 338 | CVO(8, I ) "VT ( 1, I )
_" 33cj# C.,VOLUME PLOT I_RAIqETERE

iil 3_m IPV( 1, I )m(CVO(B, I ) -Xl.,OW)$323/XDV+TN

" ;:_f41= 507 CONTINUE
3_2 | 50E CONTINUE

_ 3_3: C TEST TO SEE IF ENGINE SHOULD BE CRRNHED .....
,. 3/_ I IF ( TIM- (THU_TCR)) 508,509,509
t;;. 7,45= 509 X=O. 0
IF 3A8: OOTO 5t 1

3/87 = 508 X-TST
3_E_= 511 TNET"TgS-TI_V �3_9: C CALCULATE I:tI_LE INCREMENT

350 a 512 DRNG-DDT$$2mTNETf (E i N+Vll N) EG
351n C:R[.,JU,:,TTIHE STEP SO THRT RNGLE INCR. IS >7 RNC,....,,,,.:,:_!DEC,
352# IF,CDRN|3-O,="-"_c_t',='_==' ,,.,-"-".o,:......,.,.,.,..,15.513.
353 = 51_ D[:,T=[_DT,."2,
35_ I o30T'I R' "• .. ,.. '1-dr,

355n 51._ IF_DRNG-E_,4-,.,,.4_.,_=;.,-,.=..., ..lb
358: 517. DDT=DDT_2, .
357: OOTO 512 ,]
358: C INDEX ENGINE ANI_LE MEASURES J359 = 516 EARADmDANG+EI¢RAD
360: EADEO=EARAD/RAI)
361 = REV,,REV+DANGt (2. sPI )
3t_2 II I F( F..qDEo-3EO. ) 238, 2_0, 240
73G3_ 2_0 ERDEG=EADEO-3SO.
36_ = EARAD,,,EARAD-2. sP!
3G5l C ERRASE PV PLOT FIELD lIFTER EVERY 5 REVOLUTIONS
3EEl IF(O1-1, )23_h 151,23_I
367# t51 IF(NER-5) 152, 150, 150 .._
388 | 150 NERmO
35_]: CALL ERASE
370= GOTO 239
371 : 152 NER"NER+ 1
372 = 23_ CONTI NUE
373: C CHECK 'I0 SEE IF ENGINE SHOULD BE IDLEING OR IN GEAR
37_ t IF(TIM-T 12)519,519, 520
375= C AD3UST ENGINE PRESSURES TO CONTROL SPEED WHILE ENGINE IS IDUEING

" 37GI 519 I0t=1
,, 377 = IF(OMEG-OM I)830,8/=0,8_0
_. 378= 8_0 IF(OHEO-CONI+PBIS))841,8_I,842

37_I: 81=2 MIRtmMIR
380 n GOTO 8_3
381 : 8_1 HI RimMIR$ (OHEG-ORt) tPBIS
382 | 8_3 X='PRL
383= OOTO 855 I
38_m 830 IF(OMEO- (OHt-PBIS) )831,831, 832
3851 831 MIRImMIR
• 86_ GOTO 833
387= 832 MIRI=,MIR$(OMt-OMEG) IPBtS
388 = 833 XmPFH
..-¢_39=855 CALL MASS(IG3, PX,MIRI,DDT, X,Pt,EPlDEG)

___......_:._:.._.,_,:::.. _:, ..,_,,_..:_,_:_._....._...... _!,,,............. :
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'%,

: FTR o: [NE',E',..',GFI!'-. HO[',E FI Fl'i I-3Nr, F'ETI.IPNf% + _

' _,'?,I. t =I_+1
- " ' I'IH:',:, FLJ:II4 IZ:RI..CLIL.FIT1:ON..: _-.,7"., r. r_HECt" FI."IP EN[', oTiF ,-.c,- .

b,- _-7-',.. TF,"I.. lIE ,q"o GOTO 7"1C+
L_ FL',t ' r F,ETI.IF;,N

[:. _+-,7 q 3r_T0 74 L-'_
F-TF: r .+.+ +:. rI it,1 G_,-: • ,,./rll. F,.',FII."TI+'+' Et'.II.tFII_-TCI r.:l.IH P,1FTFII ,,,,h"tLJI',IE

" F.?7 r C.HFr.F:,' FTP'_T TTI',IE FIFII3

i:, _--,T':+_ 7:4,:++;, I'F, 1 I:+,'-" :iF+l,'='+:_ "_"'
¢?,m C F3[',[.',ITTOH CIP I"IFTRL Nl'_tr',[ I+I_R[,_ 'rlTI Eo:!I,IRL ',,,"II_JP1E'3

,,_,I:] CJI._3 I,I,",+,
,'.,+.1 TI3FI, ,-..',.F"+,I",'aTGIRo':I, I.., t"
,=."'=' GrITO "'_', J£ ',"+ J 1+

'+"" C' P,r+,t',tTtnl',l OF C+A'; l',,Ir¢.',E LEFIr:,+ Tr [-:.rqlAl ,,/IjLUI'IE.,I++i'+ ' . ,, _ +,
i+

• ""a" , , ,+,' ,:,,..-,4 C' F[Nr.' I',!Ftt+,'=Trl I".'CIP,1F'I..ETEMF.TRI. NO[,E '.=,PFII".F
_¢_m 'F!_O ','=I,I,':;?, I.+",I :',
_.I:_+:. l,l ,:';.T",,F", 1"",_'-'N':'+;._.,F",, _" +N ,":I..,L.,, I '
,_,'":7 " F'TNr +, F4',.,'FF'FIGETEt',IF'.-I:oF ,3Ft_ NI3N TI'._ I'qETflL NI:oDE -.,PRCE'
i:" i'i i_i,,,-,,.-, TGFI,:'',..,,K., I",:=,':TGFI,"2,, K, Z ).+:'T'+TI3Ft,':'t..L., [ ',*ll,'l..... I., I _,",,+'L,ICC:,,I<., [ :,
_,.,,+ r + %ET _TF".',T.+.FLR_3

_-":_'1. C' TN['E',", "" "¢"=,UI.I[', I_+P,K., GRL=,NODF. F'I.Ro3.,
_'_" I+.-.t.+':L,, ."

+-,9? K-.'.K+1
_-':'._,1. r :.t.tEC_..'FOP. EN[', I..'I.F ,,r_:'.,m:'-"=..,I:'1..0N I"RI.CI.ILRTII3N
¢.,,'.4_ 1£,"F':' GE 9 '31m.I. GE '_', GO_'O _::I.0
+396 " ' '. I_ET. FN
_:'_,'+ GOTr_ " "
e-':_!'-.: r..+...+. IH GFt'_ ,,,,,rq_.. GRERTEI;'. THRN L':IJH t,IETRL, ',,,'CoLI..IHE.
'¢,,a,_ "',". _ I ,. TF,':I.:" E :..! :!. FIP,,I[',L EQ. '1::, GOTO 3:5_

"t,l_3.T"_O GOTO -,....,±
_._-'_'.I ," _m,ZT t.lr@E FOP. i_R.... RND t,IETRL

..... •" . ,o0..L.VlJ7¢+2 _50 N'.'.2., K., I':"-+I.'I':'_+ L.., I ','H_VN,fV'. , I ....... ,':L., I ::,
70.-': TQR '::;-'."K.,I)=TGR<'.I., L,,I.".
704 PH:N<'I., L. I'--N,"2., I<., I",
71"t.5 13"ITO --":5".'-:
".mg_ r. GENFFtRL CFr_E
,.r.+,.. c: C'HEC'F' FIP_-'.,T Tfr,lF FI._RG

.... :,_ t I I 3:4T::.,_44
7C+,r4 C' FTI_,,.r-,TTII"IE FOP NEN GR'_, NOE"E
-_ £..,.'I :] .T.:44 F'F'=,".c',,,'r,1,::i;:., I ::,-CVG,::L-':L, I :',::,,..',::C',,/G,::L., I :)-CVG,.: L-:I.., I ::,".,
7 l t F'I'I= ,':'1. -_ ':';_t,l,:':1..,L, l ":,
7 J '' ............. ',.. ...-FF.+.H,.1., L., I _,
71 :" ','=l,l ,t ;.'..'.,F::'..,I ::,

" 7+1+4 N".2., K, I ",:=t,l'::"_ F::'..,I' ',4. ....
Tt5 TGR'_2., K., I ':'= ".:TGR ":2., K., I :>*','+TGR ,::'I .,L., l ) *,', .:',.'+,+',._,,I<::,I
, '.I.P-, G:iTO 3:5-"."
7,!7 r RFTEP THE FIRST TIr,IE
7 It=J _',$_ F'.P=":I:",,/N' K., I :',-CVH":F-I, I ':'"Y"E","3 'L., I ::'-CVH ':'.k:-:t., I .'.')
T:l.'_ N,:'2., F',".I ', -Ftl .PP
, ,,_._ PH=F.!H-H "+_..,"K, I ",.
72't TGR(2, F<.,I ",.--TGRK'I., L, I +:'
T_':" r F'.E'._ET FI_'.--.,T FLRG ON GFI'._ VOLUNE SNORT '.F.,I[:,E
7:T' T_-.: I t '--+_3
7+"4 ," TPK,E:_+'..:'.--OLII:, NObE +L_C+
725 i.:--l".+.I
73+-: r: L'HEFF + _'OF' FN[:, OF FLON I:'R1.C'ULFtTf.ON
7,97 IF "F':'. 13E. ,.'4", GOTO 2::10

tO0
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i/"

_i: ??Ft. C' PETUI;'N
,k . "C_, 729 U_tTO _'..4Er
,. 77:'0 r_ FINE; All[, t_HLTI,ITCITAI flU..,,"'='--, AFTE'-_ ttH,"--'_ FLOM

7E:'.t' E:i_3 '....

+"'lP"?- "T',._.(F II. I .il "_- ,..... ,., .,.,'_'l, .... 1":31",
t'_ '-'7-,1. EPPFL."_,'I,', , -.'",,
_- _7_ IF,"flB!_,CEF!F'FL',.- 1.',$7'-_ 779, "7"t
.- _'._,7 T,T.'9 HF'ITF,' T, --¢t",FPF'.FL, I

t,: _"7 ?TiT FIT[;'Ht"rT," " rl i'.ll,l EF't;,FIF' I'_", FU3 4,' 1N I,llTPt.THQ '.",F'FIrF )l 17",

_[ ,,",;CI .I 'rG_:#,"I,K, T ,.T6fl,;'._' I'
7,-_ 1, 1%t F ITi_'blFil ,'T .'., ,:_F.}=13,,t ",

," ," I'I#IT TNIJEi_ ,' _II ,; " 7,.'1
744 "::IR rCJt,lT I NI ,IF'

I. ;,lri f' ".?rlTF' 'i-.-17HAllr, r' TH TIEI1FIF,.o'''"T I,IIF I'IF I'.iR'_I I_INF', 1,1ETAI.,Nr, F,F'.'_. r.,llF l?_

74_ r. 14FFtT TF,'AN'3FE_ I,IITH lli.'l ','1.'11I.IHE £blAllr_P

,",.t,," i'.' II4 I.'lFl'.: ":I31:ILEI:'

74FI r,cl e-9£I T._,.1., ,4

749 c;-+El:IT r;'FI:EIVFI?J _'¢ I'IETFII.. Nor:,E 1

7%3 1.7,l'1,' 1.') -_i."V:+lol" "_ "" ... <'., <:,, S', I ;:,._,:'TQA,"ZI, ,.':'.,t ',--THA, J., I ',:'....

7r.,,l. r. HFT4T_'E:EI',,,'t.'.I:, BY HETFIL NOI:',,E2

7_,_ ' 0['I (','_""-.IGH r 1 '.' +',,',

T54 i" HEAT I;'EC:ELvFr, F:4' HFTRI+ NL'.IhF "

755 ,+'-i-,,,,', p��,"='+.,,4., L", +.._'TI.3A," 2 ,4, T ',-THA," 4., I ', ',,..';_
I75_ QH ,' 7 ', .-.-,,+4

7_7 is:HEAT PE.I.',EIVED BY HFIAI. NOE,E 4

?58 ,.,-r Y.H,:'2.,.... 5, I ,,k,"'I'QA,"IT:,,.% Z>-Tt,IA,'5, I ", ,<.'..:
I I,I759 OH,:'4 ',-4 +,..,

7e',,3 C HEAT PEiSEI',,,'E[',BY HETAL NOE,E"5

,' b,_ i-ir,i ( 5" "=,h+,

76"-', C HEAT P_CEI'v'E[',F:'r' HETAL NOC"E
764 :.-::=CV*H""' ........ ' . .,.._.,7, I',: PI_., T., I ',-TI'IA,I.., I '," "2

l 7e-5 OH <'6 .'=Y+X
?'66' I? HEAT I_ECEI',/E[:, FJY HFTAI.. NODE 7

t

i" 7_77. 13N,' 7 ",:Q":
,_.,,3 r CHANGE ltl P',,,'EPAGE 13R.c.,TE_IFFFHTI.IFIZ:, E,i_IE TO HEAT TPFff.I'_rF_

T70, ]._7_ Ti._IFl"2, I:i,,I );THFI,"I.I, I 'J

771 C CHANI3F IN t,IETAL NI7[,E TFHPEPFITilPES DUE TO HE;FIr FI_'F_N'.7,FEI;'

' ,"72. I,i.7 """ .

; 77 :'7.. TH" l:', 1 ,_TH,"i" I 14"li'ii'l i I"' "i, 'F'I"I' }'.""I
_, 774 _".c,,._'_ F hi.IT, l NI IF:

: i 77G G'_lrt r'i+TNT i l.ll lie
'_ 7,_, i". "':,TEE' _.--Nr:.l,I Ft_E-.,+'"'XI.I;F,' " rl.'lF' EFII.'Fi _.,FH .E [:,l.lE TEl t-IFI'tT TI_I3N-_Fr-.I_ 1,1111t l.lr_

i T,"T" i" ',,,9"il.liNE I.'.HAl II_'_E

, , r., [,L'I 741Tt I.:l 4I

". 77'm I" Hi'iT '-SPACE
_= _"_:I_'_ F"-'," I, I ',_.1,1,".--_'7,i. I " +:.:F'+.Tt'JF'", t', I, T ,,'",,'HA";.'_'. _ "

. 7:::1 iT HEATEF' HAI.IIFITI D -, ...... , -.

I L%'. ....

7El" iT HI-flTFP
, ,',<1 P.'?, T "' "-'1'1"'2 .-", I ,+',.".C:ITi3fl," _" " I "."'"."HE"
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_' , tI

795: C REG_NERRTORMRNIFOLD ,_
79_: P3(X_4)mW(2,4_I_XC_TGR(2,4_I)/VPJ4
767: C REGEN_RRTORNOT HRLF
?SO: P_(I,B_-H(_,5, i)_XC_TGR(R,B,I)/KVRb/_, >
789: C REGEN_RRTORCOLDHRLF
?_< P3( I,6)_N(2, 6, I)_HC_TGR(2_6_ I)/(VRD/2,)
?_: C COOLER

: 792 : P_( I, ?)_N(,2t2_ I )_XC_TOR<2_?_ I ),_VCD-.
?_:: C COLD _PRCE
?94: P3.(I, O>=W(2_8t I )_XC_TGR(2, 8, I)/V_R(2_ ! >
795: C STEP ?--RDIR_RTIC PRESSUREEGUILIBRRTION RT CONSTRNTTOTRL VOLUME.I

' 796: C FINRL COMMONPRESSUREFOR INCREMENT
797: X-VHR(2_I)mP3(I,i)m_KR

?99: X=X+VHD*P_(I,_)_KR
800: _=X+VRM_P_(I,4>_KR
801: X=X+VRD/2._P_(I,5)_KR

80_: XmX+V_D_P3(I_?)mmKR
894: X=X+VCR(2,1)*P_(I_8)_*KR
805: P4(1)=(X/VT(2.,I>)_KK
806: C STEP ?A-- GAS NODETEMPERRTURESRF_ER-RDIRBRTIC PRESSURE

= 807: C EQUILIBRRTION
808: DO 133 K=i, 8
809: i_ TGR(2,,K_I)=TGR(2_K_I)_(P4(I)/P_(I_K))_GR
ele: c STEP ?B-- CUMULRTIVEVOLUMESOF GAS NODESDUE TO PRESSURE

= 8ii: C EQUILIBRATION
812: CVG(Itl)=W(2_I_I)*XG*TGR(2,1_I)/P4<I)
81_: DO I_4 Km2,8
8i4: iZ4 CVG(K,I)=CVQ(K_t,I)+W(2_K,I)aXC_TQR(2_K_I)/P4(I)

_" 8iS: C CORRECT_MRLL ERROR IN VOLUME
I_ 816: CVG(8,1)=VT(2,1)

817: C STEP 8-- INITIRLIZE QURNTITIES FOR NEXT INCREMENT
_* 818: C TEHPERRTURE

8t9: DO 364 K=i,8
820: 364 TGR(_,K_I)=TGR<2, K,I)

t 82i: C VOLUMES
822' VT(i,X)=VT(2,1)

ii 82_: VCR(i_I)=VCR(2, I)

824: VMR(I,I)=VMR(2,1)
825: C PRESSURES
826: PI(1)=P4(I>
82?: C MRSSES
828: DO 750 K=i_8
829: ?50 W(I,K,I)=W(2,K,I)

! 830: ?40 CONTINUE

i_ 8_i: C STEP 9--DETERMINE ENGINE TORQUERT OUTPUT SHRFT
8_2: C INDICRTED SNGINE TORQUE, FORCEON PISTONS, NEWTONS
83_' FP(I>=i00._(-Pi(i)_RCV+Pi(4>_BCV-(PI(4>-O.i)_CCV)
8_4: FP(2)=iO_.*(PI(I>*BCV-PI(2>_RC¥-(PI(1)-O.I)*CCV..3
8_5: FP(3)=100._(PI(2>_BCV-PI(3>_RC¥-(PI(2>-O.I)_CCY>
8Z6: FP(4)=I_. $(PI(_)_BCV-PI(4>_RCY-(Pi(_)-9.1>$CC'?)
837' C TORQUEON ERCH CRRNK, N-M, CCWIS POSITIVE
838' T_(I>=RC,,"IOO._,SIN(ERRRD>_FP(I>
8_9: TQ(2>=RC/i09, _SIN(ERRRD+PI2>_FP(2)
840" TQ(_)=RC/IeO _SIN(ERRRD+PI)_FP(3)

• 841' TQ(4)=RC/IOO._SIN(ERRRD+PI_2)_FP(4>

,x.
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[i
_'-'4." ; 1.Nblr"flTED TOPF'_UF_np FN6TNF
$4 .-.: TOI.. TO,"1'.:_+TA,".3", I.TQ,"._, *.Tn,',t ',
'3,14 Pt'i',/_:,:'F'I.' I. ', +F"t ,::;?",+F'.I ( "3."",+F' I, 4 '_', ',.I.

._ "-t4_ F '_HI'IF'T TOIq,OIIE: FAP ENG[N.E
,,_ %1"- ':,Im"':,Ol'IEl."i,,°¢.2 _F'I ':'

"# "I . ...._IHI'.;,:-- AOFIFI:I_15'_'AI'1FG__"'," ' _:" I --rfl'IFq ˆ41,4o' TO'-,_;TI-"IIH,IF,'LI,CIA,. ..... . i i

,.; f:l,ll_l . |. P_-tV,I ,k,__._. _,t ], Y.'_.
_:,-1.'.a < _4.,,,,.tEN[, OF FNr_ilI'IF..TAPK,.IF flNlh INTI_F!NflL H.T. L-";LIE_F'F'flftI_FtI,1

I II_,. |' ,- *-,a .1, 79fl IIe,,TIH..TOTT,,,t_el., -r4_, 7e_
I_gF,CI_T

FIS_ "_,r,o_ I,IRITF< _1,?98.,FIIEL Tf,I'I'T, !_PV_,

0_4' 7_4_t FOI#¢¢RT,:' FUE'I., TnTT,, SPV,I,".,E'F_I,_,_',_,
@SS: 5008 _TOP

!" 8_ ENt"
I, _I_7 '_IJ_tf;_Ol..ITINR MflS_< I_3_:,P',/,,f,IlR:!. DDT, ',,(,PI., FRI'!F¢4",

858: blHFNSION Pi ,'.'4,',,
8_9 PEI=tL M2.,HIRI

861: 890 IF(F.RD_G-I':5, )862,, 862, 856
862. 856 IFCEADD3-_;_, ',864,864,,857
8e-_, 857 IFKER[:'EI3"_:'&5. ',"858, I._1_.,Be',O
864: C 13B_ CHBNQE IN I,IORk[INI3 _PRCE i
865 _ 858 ICi_:':=i
866 : PX=X+ ,'.'Pt ,'.'t :,-X', *_:'4P,:'.-H I PI'_DE:,T.',
_167: 60T0875
868: C I.'iRtBCHRNGE _[N I,IORKIN_ _PRI['_ 4
869 : 860 16!:=4
878 : P;.';=X+ ( Pi " 4 :',-X _,*EXP ".-H I Ri+,[:,DTT.',
871: GOT0875
872: C GR5 CHSNGE IN I.,IORI<IN_3SPSC_ Z
87_: 862 IO_=_
874 PX=X+ <Pi _:3:'.,-X':, +EXP(-H lR:t*DDT
875: _3OT0875
C-,'76;C CIRS F:HRNQE _N NORVINI3 SPFICE 2
877 : 864 IG_.=2
878 PX=X P± ( 2 >-X ':,*EXP ( -H I F'.1.*[:,[.',T?.,
879: 8_5 RETURN
88_ END
88i: SUBROUTINE F.,TANTN(RE,STN'_
882 : IF<_,E-2OOe> iOO,, lOB, 2B+3
883: ._188 ..STN=EXP('I. 6988-8. 9".:.6"_."*RLOGKRE)')
884: OOTO_eO

. 88.::,' 288 _TN'-=EXP,::-4.O_5-O. t88.'.*RLOG(RE._)
886' _:8e RETU_.N
887: END

{.
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6,0 PRO_I_AN USerS MANUAL

Thl_ n_ot!on _Ivon tho dlroot!onn for unlllg tho pro_W_mi dof_o:rlbod-'lll th_n

ro],ort, IL In no,mr,,ben p1_tloul1_r,to tl_,Alton ool,pui,o__'unod _.I_Lh_ p_'o6_'_I_
doVl_lOl_lIi_Ittbut "t,htl }l|1,lIfttof oI_ul_Inlvl.,1._tl_i,_Oll.$ii$,:._.VOlIMe thIli,;_lotli_t¢!olI__

: ]I[!%n__]II_II}l[lObll illlO_l,.T,lIIlf,_.'llOiJ.OIl[lII_O I_n fO'_l-_Ol'Inl

A, TIL.:I'II 011 C¢_lll]_WI..,_l,.l?,

(_, TN]'u _N'[%A (_'u'L,u_ui)

DATA RI_AD IN

TYI'E 1 LEAVbl IN BAShI CASE
TYPI,I 2 BRING IN S]I_I-tED DATA Fl_@l LAST CASE

Wi_uu the:])rot_%'_u,ut_u_tt_,t-,hed_t__ utatomont[_ _u:u _._lw_-_yuro_d, Tl_s hflti_d.o_;

%hO l.,t_L_uOat._,, TIle pI'oEW_11 }laL_ beun _|_od b_fo._hJ. A fllu ht_s b_-_oll v.1'..'-t_,d
wli_oh %r_-u_s±'uvu %he llIptl% vo.luou to p].*Ot_.-,Ttm_NTLB, If the opul'aLor h:_._
alz'uady made a 1o% of ohua,_us ua_d wua_ _o 1_'-._ke_o11,u 1,or_, he uhm.CLd _Vpu
;: and the,_ k_,y (_'u_tm0, It' hu is stax_It_g ouv_m_i_ to ut_'t ove_' _i%h -t._,.?

bauu ca_e_ h_,_hould type I _d IZ'_t_n),
E, Type otth_l' I or 2. and (return),
F, Th_ following dl_'ectlons appea_" on the sere,-;:

GN_LA INPUT ADJUS91ENT PROGRAM, ID C!,i.'>,t,.._YPE 2 DIGIT INPUT

NL_IBER, A SPAOE, AND TI{_NEW INI_UT V_3L[,EWl_ A DECIMAL I_OINT,
'IDCONTINUE HIT RE."_IRN,

G, Hit ret_h,

H, A tabl_ appears ou the _oreen as shown in Table O.l. To save space
the input p,'_'_11_%ersu/'e identified by n_mlb:_rsonly wildthe values are

glvun just by a taunter, Table 0.2 gives the identit,y of each lhput par_neter.

This table is given ill numerical order of the input mm_bers, The s_nbol

uu_d in the probTuJn, %,he IlleallJIlg, %,heresident value culd %he [uli%s _V_ given,

: Table o,J give[; the sa_1_ information organized by subject, If one want_ %o
eh_u_6e a pa_'tlcul_ operating condition, it _o_d be easier to look up the

variable muub_r in Table. 6,J, T_-_ble 0.2 wot_[d be useful if %he question Js

wh_t a ptu'i,lculu/' variable lu,nber meaa,s or iJ'addltlolud v_iables are

_ 11_edud to be added,
_, i. To cha_Ige a vu/'iablu type the vu/'lable n_unber, a _3paee m_d then

the :,eu va/'lablo value: with a dc,clmal point il, the a])pro]_rlatu pl:_cu, AI'LeI'
" l_l'Utu_in6(r_i_u'l_, the eh:_ngu inonuu is red]splayed. _lil_ %1_, i_,_ eh_mge, .

This ]moCUUL: 1_y I,_::t'upucutudau mLuIy i,il1|_l;:_s det;il'ed, When calcult_tlon ]_;

to ])rceuud, _:,'l_t, 99 _md (r_;L'.:rl,) . TI,t, _ol'd S%DI' _._iiI _ho_ on the ._crutm
l_hen the proc';L'u_n .IL_ flnl_hud aud tl_: in't_;rm_:dia%u valuu_ haw_ b_,ut1 l'].ludin
FORTIO,DAT, Also the ]_romp%, " A _lll appt':_', 'I'huopert_tor h: t_ow l'llfl_;hud

_l.bh CNTLA. In I%LCt, l*t' i_ out. of it,

lob
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T_ble 6.1

INPUT PARAMET_ TABL@FOR BASE OASE

* OPERRTINGCONDITXONSBY NUMBER * • ,
* 01 922.280 * 02 50.008 m 02 200.000 * 04 157._.688 * 05 40,000 *
, es 20e. 000,07 .500 • 09 90. 000,09 i • 10 .540 •
* 1t 26. 000 * 12 .472 * _._ 4. 850 * 14 20. 000 * _.5 ?, 950 *
* 16 :1..000 , 17 L 000 * t8 20. 000 * 19 90. 000 * 20 22, 400 *
* 2t 2. 225 * 22 t2. 650 * 2._ t0. t60 * 24 4. 0(;0 * 25 .472 *
* 2(; 084 * 27 36. 000 * 20 tl. 590 * 29 6, 080 * :_0 2, 500 *
* 2t 2. 500 * :32 .200 * 2_ 0. 000 * 24 0. 000 * 35 0. 000 *
* 36 t96. 020 * 27 .950, 20 .115 * 29 t2. 900 * 40 2t2. 000 *
* 41 1108. 000 * 42 26. 800 m 4"2 .472 * 44 t. 120 * 45 7. _0 m
m 46 .640 m 47 25. 500 m 48 .0t0 * 49 i0. 000 m 50 5. 00_ m
* ..51 . _00 , 52 .50.000 * 5_ .500 m 54 t0. 000 * 55 .004 *'
* 56 t000. 000 * 57 150. 000 m 59 t_. 550 m 59 8. 000 * 60 46. 422 *
* 6t t, 000 * 62 1. 000 * 6_ 2. 900 * 64 4. 470 m (_5 1:_.420 *
, 66 t. 500 * 67 .500 * 68 .410 m 69 1. 2?0 m 70. .201 *
* 7t .041 * 72 10. 020 * 72 .200 m 74 .0t7 * 75 . _81 *
* 76 t. 000 * 77 2. 000 * 78 1. 000 * 79 50. 000. m 00 5. 000 *
* 9t t, 000 • 92 5. 000 * 82

II XXXXXXXXXX TYPE99 TO CRLCULRTE'RNDFILE INTERHEDIRTEVRLUES

_: )06
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_i_̧-_ ..........._..........,......................

T_ble 6,2

CNTLA OHANGE TAB_M BY NUMBER

Rosldorlt Units
Number Symbol Mo_In_ V_luo

i T]_G TumpDraturo, hot motel, go&l n.,.,o

!T 2 _PB Temperature, _oportlonal b_md in hot mot_l 50. K

3 TWI Temper_ture, w_tor, inlet 300. K

4 FWI Plow of cooling w_ter for enti_e engine 1575. 6/:_eo

OMi Desired Idle speed of engine 40. r_d/::_c

6 TI Ambient air teml,er_turo 300, K

7 DT Initial time step 0.5 nec

8 ME Mechanlc_1 efficiency, engine 90. %

9 Z Fl_vgfor working fluicL:i for H2, 2 for He, I --
3 for 'air

10 RGEI" Vehicle travel per engine revolution in 0.54 meters
first gear

II NTPM Rumber of tubes in heater manifold 36 --

12 DIHM Inside diameter of tubes in heater manifold 0.472 cm

13 FFF Full fuel flow 4.85 g/sec

14 THU Time for engine warm-up, before crankin_ 20 sec

15 L_M Length of tubes in heater manifold 7.95 cm

16 TCR Duration of starting motor torque 1.0 sec

_ 17 TID Idle time after cranking i .0 sec

18 TAC Vehicle acceleration time 30 sec

19 TOTT Total simulation time 90 sec

_. 20 SPM Cruising speed of vehicle 22.4 m/see

21 RG Radius of engine crank 2.325 cm

': 22 LCR Length of connecting rod 13.65 cm

23 DGY Diameter of cylinder 10.16 cm

_ 24 DDR Diameter of d_ive rod (at _eal) 4.06 cm
:' 25 DIH Inside diameter of he'Atertubes 0.472 cm

26 WTHM Wall thickness of tube,',in heater ma_ifold 0.08_ cm

ii_ 27 NTH Number of heater tubes per cylinder 36 --

28 VHDX Extra hot dead volume in end clear,raceand 11.59 cm3

_ hot cap clearance per cylinder

i 29 NR Number of regenerators per cylinder 6 --

_; 107
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T_blo 6.2 (continued)

Ro nid,_nt
Number Symbol M o_._ning Valuo Unltn

30 DI_ Dicgnetnrof each rngQnerator 3,5 em

31 LR L_ngth of regenerator 2,5 om

_olld (If _ero program calcul_tes FF
from dlmenslonn below)

33 NS Numbor of t_creensper regenerator 0,0 --

34 MSH Mesh si_c 0.0 wlros/cm

35 THW Thickness of wire in screens of regenerator 0.0 em

36 VCDX Cold dead volume not in gan cooler or cold 196.02 em3
space

37 FCA Fraction of VCDX that is adiabatic 0.95 --

38 DIC Diameter of inside of cooler tubes 0,115 cm

39 LC Length of cooler tubes 12.9 cm

40 NTC N_ber of cooler tubes per cylinder 312 --

41 MIV Mass, inertia of vehicle 1100 Kg

42 NTRM Number of tubes in regenerator manifold 36 --

43 DIRM Inside dis_eter of tubes in regenerator mani- 0,472 cm
fold

44 AFR Frontal area of vehicle times shape 1.12 m2
coefficient

45 LRM Length of tubes in regenerator manifold 7.95 cm

46 DOH Out_ide diamuter of heater tubes 0,640 cm

47 LHH Heated length of heater tubes 25.58 cm

48 TMAPH Thickness of metal separating each flow 0.01 cm
passage in air preheater

49 LAPH Length of air preheater I0.0 cm

50 WAPH Width of each air preheater p_ssage 5.0 cm

51 TAPH Thickness of each 'airpreheater flow passage 0.3 cm

52 NAPH Number of air preh_ater flow passages in 50 --
each direction

53 PRL Pressure of working gas in low pressure 0.5 MPa
reservoir

54-. PRH Pressure of working ga,_in high pressure i0.0 MPa
reservoir

55 WTRM Wall thickness of tubes in regenerator 0,084 cm

manifold I
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T_tbh_ 6,J (eontinuod)

lh_t',i,[(ml-,Uu ll,l_
S .b,1o_t No. S,W.bol V:L1uo

": l,]._:Im,Opora1_i.i,:(]on,H.tlom_(_o.tl nu.d)

"' MP,'J,low ,ronorvo;1,r :.] PRL 0.5

Id._J_rtm_u:vol.I' 54 }'Ell 10,0 MPa,

Work£211-':J'lu].d(I for Ii2,'..!for Ho,3 for _dr.) 9 Z ] ......

;i FJ,OW'._
• lil_LX'h,_Uil fuel 13 I,'FF 4.8.5 g/_cc

coolillg water 4 FWI 1575 g/t_ec

Lower Heating Vollmu_ of Fuel 60 LHV 40.4']2 K j/g

R_t£o of air to fucl _ HAF i(_..55 g/g

Engine Dimensions
Vehicle

inertial mass 41 MIV 1100 Kg

iTontal area times space coefficient _ AFR 1.12 m'

Air p_eheater

plate tl_ck/_ess 48 91APH 0.01 cm

length 14,9 LA/_ll I0. cm

width of e_ch passage 50 WA_H 5 cm

thickness of each passage 51 TAPH 0.3 cm

ntmlber of air passages each way 52 NAPH 50 --

Hot and cold spaces

Diameter of engine cylinder 23 DCY 10.16 cm

........... thickness of engine cylinder wall 69 TCY 1.27 cm

'-end clear_u,ce and hot cap clearance 28 VHDX ii.59 cm 3
' voltm_e

thlcknes_ of head 66 THH 1.5 cm

gap between hot cap _d cylinder wall 71 G 0.0406 cm

length of hot cap 72 HCL 10.03 cm

thickness of hot cap cylinder 70 THC 0.381 em

tldckness of hot cap hea,d 75 THCH 0.381 em

thermal conductivity of engine m_t:tl 73 I@I 0.2 w/cm K

dl:metcr of piston drive rod 24 DDR 4.06 cm

Heater m_mlfold
ntmf:_erof tubes per cylinder !I NTHM 3b --

insLdu di_eter 12 DIHM 0,472 em

length 15 LHM 7.95 cm

wall thickness 26 WTHM 0._4 em
I11

• . . . . •., . . . ..
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3_7

T;_ble _.3 (eontlnu_a)
b.

Subject No, S,_Ibol VL_Iuo Unit_

_i" F,rlgl,,e D_nom31ont.3 (eot_tlmmd)
}to,trot

;_ ID of tubo_ ;?_5 Dill 0.4'?2 cm

--_2[,' t_Ibot_ per cyllrldor 27 NT}I 36 --

outZlde di_met,_r 46 DOH 0.640 em

heated length 47 L}IH ,,r,;..L_,r._ till

I" Regenerator manlfold
mmlber of tubes per cylinder 42 NTRM 36 --

ID 43 DIRM 0.472 cm

length 45 LRM 7.95 em

_'_iithickness 55 WTRM 0.084 cm

Regenerator [
thermal conductivity of matrix 74 KMH 0.017 _/em K

nuaber per cylinder 29 NR 6 --

diameter 30 DR 3.5 om

length 31 LR 2.5 cm

wall thickness 68 RWT 0.41 cm

ITactlon of matrix filled with solid 32 FF 0.2 --

number of screens per regenerator 33 NS 0. --

mesh size 34 MSH 0.0 wires/ore

thickness of wire in regenerator 35 THW 0.0 cm

thickness of regenerator head 67 TRH 0,5 cm

Cooler

number of tubes per cylinder 40 NTC 312. --

length of tubes 39 LC 12.9 cm

ID of tubes 38 DIC 0.115 cm

,_ Cooler manifold cm3:.: dead volume 36 VCDX i96,02 .....

_t i_ractlonadiabatic 37 FCA 0.95 --

: Drive

cylinders per engine ..... 4 --

;) radius of crank 21 RC 2.325 cmI"

length of connecting rod 22 LCR 13.65 cm

engine inertia 79 EIN 50 Kg m2

mechanical efficiency 8 ME 90 %

112
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Bo_idQs boin6 able t'ochange any input variable involving englno dlmonalon_
and operating oondition_, there are some computer solution optlonn that
nho_Id be diueussed here.

Number 76 - Graphic Fl_g. If #76 is 1.0, then CNTLB will go Into the
graphic pa_ts of the program. If #76 is 0.0, it will not. If the computer
does not have graphic capability or the operator does not want to use it,
#76 should be 0.0.

Number 77 - Output Flag. If #77 is 2.0, then GNTLB will direct it_
periodic and final output to the printer. If #77 is 5.0, it will be
directed to the screen on the console. If #77 is 2.0, be sure the printer

is on or the solution will stop with no indication of why.

Number 78 • Periodic Report Flag. If #78 is 1.0, a periodic report is
printed out or displayed. If in CNTLB #78 is 0.0, then CNTLB will not
produce periodic repoxts.

Number 82 - Repetition Rate for Periodic Reports. #82 gives the desired
number of seconds between periodic reports. After this desired time is
exceeded, the next periodic report will be given. This number is useful
in controlling the aaount of output from CNTLB to give an adequate but not
overwhelming amom_t.

Number 7 - Initial Time Step. #7 gives the time step used in the heat up
section of the solution at the start of CNTLB. The program W.UIM(Appendix

A) was used to show that 8 nodes and a time increment of 0.5 second gives
adequate accuracy for the solution. #7 can be changed for other time
steps. When the engine starts rotating, the program automatically adjusts
the time step.

Number 59 - Nodes in Air Preheater. Presently the number of nodes in the
air preheater is fixed at 8. It cannot be changed in CNTLA. It can in

_ CNT_A produces a data file called FORTIO.DAT which is read by CN_S_B.
The

information is transferred by the position in this data file. Therefore,
the write statenents in CNTIA and the read statements in CNTLB must be
identical. Table 6.4 shows the file for the base case.

!!_ 6.2 Lo_uiProd'am CNTLB
A. Type GNTLB (RETURN).
B. B_ certain pri,.teris on. (Ba:_:c_e hal_,the intermediate printout

go to the printer every 5 seconds of real time.)
C. Th_ mess_W_eFILE READ _ppearu on the screen. This shows that the

dat,,_file prepared by CNTLA ha_ been read in.

The solution the,lprocced::_,.sreq,_iredby the contr:_etwithout any oper_rtor
attentlon. Pressing the CNTL key _nd S at the su/netime will _top the
solution or start it _g_in.
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Figaro 7.1, Photograph of Gomplet_ Graphical Output ITem Screen (no shift
to third gear),
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Figure 7.2. Photograph of Graphical Output Part Way Through--Showing PV

Diagrams. ., .,i,,.i

Figure 7.3, Photograph of Final Solution with Display Line for Each Time
Step Superlmposed. (The diuplay lineu ca_ be dimmed out for a
butter look at the graphlcu.)
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The ld_mt£ty of t,ho lines on l,'£gm:o 7.1 cm: be sorted out by _;omp:u:.lng
1,'lgl_:o '?.1 with V_,t_'o ?,If. l,'_.g__mo 7,1+ :In Inm:h lonH dtd,a_lod ,-flnt:o l.t In

dor.lvod .fromT_.tbl_'_,iJ'or ev_a'y .5uouondu o.l'real 'k.lmo, .{

l.'uul]_uW i:_grltpl,_dIllFlt,;uru'i'.low_r i.ho full vori,lo_l _e;flo. h &_lll;L]].Of

uu_fl,,w_u_ cued :InI,'Igmm ?,/+, TIio l'unl .flow varies widely, I{, I_;:tL ].t.;_

Jllf_,x,_,I]111111fit l,ht)11tH4"£_Lu the OIll_,IIl(1.]._qho_tt_.llt_,lip _tlitli.hell_tl,two o|,)lor]._o.l'-
iodn whim thn mff:,;hlo IH working ai, flCtl ca.paclt,y. At i,ho end of 't,h¢_ dvJvlnr:

cycle t.hofut)] flow ll_ntlll ol_c,|].],ni,IntXbut _H_pe:wn 'tobe d_mlfln¢;out,,

The top uh{umol on tl,e lol'L £11 l,'l.gtme _'.1 IL_ for vohhfl.e _t)c, od, TI,o do_:h'od i
' _ivehlclo upot_d lu drawn _tt the t_tart of the nolutlon. Tl_o c_flctft:tt,ed :_l_eod _

:|n tnll)erhtlpoL_edupul_ thlu r:unp _uld(:l'uiso. The o_tlettla'i,od_l_(:_;(irusl,t,_ :'
ahoad o:1' t,ht, denlrod ;,_peudas the vehlolo t:-; put in'be J:'lru|,, _eooml, and
thl_'d gea.r. /'ousibly the engine ha_ been a_u_tgned too much .lnert, i_t, The
vuhlcle coa'_tH until tim _peod is back on schedule.

The next chmmol down on Lhe left of Fig_'e 7.1 is for engine npued, it,

att_t£ns idle speed within the two L_econds before get%,ing in he_=. As the i]

gecu' ratio changes in one second, there is very little reduction illengine lq
speed. This is another Indlcatlon of m_ m_'ea/Istlely high engine im,_rtla.

The ftllU._ c}lalH_elOH the left IS for ouglne cold air preheater teml)o.raturet_.

The order of the telnl_ei'atta'esfiromtop to bottom soon cd'ter the engine t_t_u'ts
(tl'OI ,

I. Flue gas leaving heater trod ent_'ing preheal,er,

2. Flue gas leaving prehoa.ter........

'), h.verage lle(tiur ineto_.
#. A ve:ra_e mid-regenerator met,_l.
.,5.Average top of regener_ttor met_Ll.

o. Average hot Sl_Co metal.

These graphs show tl_% the b:tse case (dr ]_l'eheateris in[tdequate _u_dmust
be iml_:oved. The he_tter tempelrattu:et'_es a serious dip dtming second ge_u'

but recovers al'ter the ,'_}LlftLo third Cote:. Figtn'e ?.4 _how_ that t,he c:LI-

ctLl_ted heatt_" temp-eratt_'es:_'e quite different at the two ends. Half the
heat l_om the btLrn_'.-i_ made to C_o to node #2 and half to node #3. There _n
a wide difference in %,eI1iptt,?Ltttu'ebutwee:l these two nodes. Nc_le #3 which is

neaz'est the cold aide of the engine is cold_u'. After i.he engine rc;tch_u ibs
cruise upeed, there is a clew but l_ronounced divergence ill Indlvldua] node

tempel:L_t_Lresfor n,)de_ #2 _,d #_). 0the/' metal node temper_tl.urestu'_ lesu

all'coted. Although data to this detai.l wore only recorded t;vt,ryfive
seconds of retLl thlic, _tp:Lrth;ulaz"heater node wau alway,_ cont_isttmt,ly

hi6l, ur low or in between. The _ufl,hor t:tmrently hcu_no cxplml_ttlon for
i}flt_behavior,

'r|/o llext lill_ dowll Ill F_.6';lme '_",1 }1Let _t _.twLooth Ltl_i_O_Lt'altcO, The i:enH,tn'_ttlmo
el" l_e-i._tl ilodu #5 Ltt the midpoint of the regtme.rator ri.uut: NhOll tht, t)ll(_;ille

pret_,utrerJt;e._¢uld l';tllt_Whell ti_e t:ll{?:lllC'|_l't;l_t_l_1'ei'allu. '['h,LtHIVI)O.I'LtttH'O

f'dAlt_(d. low pl'etIc,tL1"obt_,ct_tl-;eCollduct]elI'to the (:old pumt of th,)eltglnt_It_

lUOl'e tmport_mt th_.ut eOllVec%,iOll Jh?olll gag t)_uuflng tl_'ottgh the l_e,ttt,r. Tld,':
node _ttt:tlm_}I.:._expected teml,tU'M,tLremid wtty betwec.n t}_o hoLt+_,t,r_uld cooler,

Nolo thM. the plo'Ltlng of the individual node 5't_dm'Intl tl,,,_tcec.lt,r_t:lon

ph_u_e, tmtlecttus t.h:_t tiffs temper:d,_u_e eyelet, over about !,0K (hming ._n

"" ' ",, ,,,_" " i i ii ii' ii i iii i" i_i"" " IIIIIIIII"I ............ II ............. "
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: t,lldJm) cycle, l,lvt)ntu_11y 'th1+_ llodo tolllporat_|i'o Js lowof i,ha.ll ;_lly oJ' i,l_otu_
pl oti.()d,

The n,)xt line -_.ll l_i/_t_'o 7,1 td,L_:'t._ Ju_t bo].ow uodo 5 buL 1:_ motu_ td, ablo,
Thi_ l_ lliotttl UtgJ, t._ 4 wh£(!h,l,I1 ;LL t, ho hoL olld el' _ho ]?oF',t')llol:';t'_,o;)', ,I'1, ,I+*_

+;url++ri+;ing t+h+_t tlfi_+ node tOlllpor+d, llro ).d,i,]o++ out, :+o alot+o t,o 't,l,t, mldd].,+
:++ of the rt+(!;ono:va't;or Thi_ may b(+ din' to 'Lilt+ low ])ow()+t" the (')tlt_i_,tlC) h:l,Ii tO

Inlt out dltr;tltg c;);ttit_u.

TIle i'Jllaltomporld.two 11110in l+'igtwo 7.I iu for moral llOdO l).t, ht: lllt)'t,+t]+
t_'ottlid the hot t_)_uo. I'L staa'i,_i ou't, 'the lowest and on{is+ Itl) next to the
lowont. Ono wottld expect that this nodu wottld ++ttt-+In ho+vt,o]' 't,ompor_tut, o.

• llowover, a,t voi'y low load llke dtu::tng oi'ult;u, heat conduction to the l'.o+Lt,
+ ulnk drawn tlrl.t+tomperu.tt_e way down.

In conclusion, tlds <:omputer progr_m at this st_ in its development glvcs

" reasonable looking answers, However) uJ_yone who l_s worked with l_Lvgo com-

puter progr_u P_,ows there may be _._number of importuJ_t errors left in these
program,s.

Flm_lly, the problem of the proper angle increment for the solution has not

been resolved. With a 7 to 30 degree _gle increment reasonable PV dia-
grams were dram_. It was feared tl_t since the dead vol_uue of the cooler

is so small that with a 7 to 30 degree _gle SJ_crement much gas might p_ss

ti_rough the cooler in one time step without being affected by it. The only
v way to simulate tra_slent thermal effects is to slow dom_ the solution so

that 'all the gas passing either way is affected by the cooler. To do this

). efficiently the .'_ugleincrement limit sho_id be made a variable _d its

effect should be investigated by a mm_ber of complete runs. Since each rim
t'_kes all day ,...thls work was left for the futile.

)

r

r

I."
F

+..+ 12_ :-,
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8,0 QONdLUSIONS AND SUGGESTIONS FOR ADDITIONAL WORK

A ao_putsr prsgr_u, h_s boon written _md p_foctod and fully doeL,_untod t|_t
_ will calculate the tr_mlont re_psnso of _ Siomem_ _u_ran_omonL Stlrllng ouglno

_imila_' to the General Motors 4L23 o_,,_h,_tea-rent United St_rlln_g o,l_Ine_.

Eighty-two different varls_bl_s o;u] be changed to _dJust the solution to thn

no_ds of the calculator _d the computer being used _md to _pecify _x:_ctly

_ the engine dlmonulon a_d the operating condition /'orthe nngino _md the
vohlelo.

The computer pro_'_, models an _mglno wkioh un_u working _u pro_our_, _ _
moans o_' controlling power, The mode of conta'olllng the hoat_' tube tomp_u'-

ature and either the englno or vehicle speed is by ]_'oportlonal control,

With this program as a basis the following additional task_ aa'e sugg_sted!

I. Determine the effect of having the four cylinders in unison instead

of at 90 ° p_/se az,gle. The calculation normally go_s for ma_,y |umdr_ds if i

not thousands of revolutions. The effect on the driving cycle will probably '
..... not be signlficsz,t but calculation speed would be q_drupled.

2. Obtain 16 steady state operating poiuts after the program l_s been

modified to }_ve averaged power output a_,d efficl<mcy over :_speclfiod time

period. Oompaa'e with a standard _d make adjustment in the dimensions oz

ethan" parameters, i
1

D _ 3. Adapt the program to prediction of the transient pe/'formm_ce of I

the Department of Energy Med I engine in the vehicle th:_t is pleumed for it.
_ This will require finding all dimensions including thermal conduc±dv_ti_,s,

_ moment of inertia, se'a/ and mec "hamic'a.ll_'Iction, etc.

4. Compare thls pa'ogram and the version p_'oposed in #I abow_ to bhat

program publlshsd by Da/llele and Lorenzo (_). Compare on the basis of

solution time amd accuracy.

_ 5- Adapt eithe_ the cuz'rent I_%'ogra_or the one cylinder modification
_: (#i above) to a calculated, realistic heat tra_sfer in 'allgas spaces. That

is, the hot _d cold spaces wotC[d not always be adiabatic _d the heat

would }_%ve the heat tra_isfer coefficients for the inst_u,-exchazlgers expected

_. ta/_eous flow. Show how the gas _uldmetal temperatures vary dt_'ing the cycles.

_' O. Add variable stroke control to the pro_-aa.

D' 7. Predict the tra_islent and steady state response of the Advenco
engine now at NASA-Lewls.

T_Is computer program was developed on a good q_'a/ity microcomputer wltn i
high resolution £_'aphlc capabilities. With only the graphic output plus
the slngl_ time display per time step the full base case of 90 seconds ru_:l

tlmu was run in 3 ho_u_ 45 mlnute_. The t_'aphic dlupl_y plus th_ prlntout:_ _,,I
II"desired would be adequate reCol'd of how well a pa/'tlcul_u"m_,thod of
control worked.

12/
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9,0 f_tO'l_Oms
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';. i, Prototype VellloloP_rformanoo Speolflo_tlons, EPA, Ann Arbor, MI,
3 ,l_n 1972,

7
2. W. K_y, A.L. London, "Oomp_ot Ho_t Exoh_ngo_n," S_oOnd _dltlon, p, 126.

r,%

,i[! 3, W.H. McArlrmn, '_oat Tr_mmisolon," Tb/rd Edition, p, 273,

4, C,J, Daniole and C.F,.Lorenzo, 'Troliminary Rosultt_from a Fo_-Wo_klng
Space, Double-Actlng Piston,Stifling _ngino _ontrol Model.,"DOE/NASA/
1040-17, NASA TM-81569.

5. See W,R. Martini, "Stirling Engine Design Manual, "DOE/NASA/315_-78/I,
. NASA 0R-13538.2,April 1978, p. 113.

6. W.R. Martini, "Validation of Published Stlrling Engine Design Methods
Using Engine Gharacteristios from the Literature," 1980 IEOEC Record,
pp. _2Z_5-2250.
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APP_IDIX A

. TE_)T PRd_RAM ,.WARM.,.F.O_ ....

13o
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Bu_ner Correlatlen .............

In order to _implify the burner ealcull_tlonsfor the QNTLB,FOR pro_r._m,two
eorrelatlens were nece_m_rys

i, burner offielency as a function of engine heat rcqulromont,

* ,_°,burner efficiency as a f_etlon of time _ftor the ho_Ltroqu.lromo_t
change:__ign_flc_ntly (tro_uIont condition),.

i_ The _ocond eorrolatlon w;_s _ttompted first, uL_IngWARg,FOR _ 1000 _oco,ld,
d_atlon, The burner efflcloney w_s c_let_ated zzr._ f_metlor]of tlmo for

; 20 second wu_nnup and one constant heat requirement, Threc_polnts wore t,'.d_on
_om the first 100 second:_of slmalatlon _nd _n effort wa_ mz_lote discover
function doscrlbed by the tl_'eepoints that would indicate the burnoz'

efficiency at 1000 seconds. Two methods were used, a power curw; f_t
using the I_-67 curve fitting routine m_d _:_more direct method involving
the solving of three simultaneous eq_atlons with tl_ee unknown:;. The re_mlt_
are shown in Figure A.I, A non-l_near extr_polatlon of this size i_,of
course, very difficult, Since the closest correlation was _ ef_'for tl_s
simple example, it was decided that the burner c_culatlons should be an
integral part of the m_in control program (CNTLB,FOR) if any reasonable

.... accuracy is desired.

...... "'" .... '|' | ' " '"" ........... iiooi"'" i l , , , I_ I WARM.FOR
PowerCurveFi

95

_. RootMethod

- 90

i !
_-" _ 85

e.

SO

75
200 400 600 800 I000

Time,Seconds

_'igureA.I. Burner Efficiency Ver_us Time,
134
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Although W_M,FOH c_umot I_o used to tT;on,u','Lt,o :_ l_Im],lo_'oz',rol_d,_on for ul_o
._.n (]N'.I,'L.I_,I,'OI(, it czul bo teed 1.,:' dei.,o:rmim.', bU.rln,r o;I'f:Io.I onclou ;rod aJ].' pvc,-
]l();I,'t.o_" "_,O,I'[)O_';L'[,LIr(U._ ;I,ll '_ [['HllOt_on O1' L_-[TIo '" ".[0._ V,tLl?_ Still }i_'LI'[..]'Oqlll]?OlltOll[,|_,

: 0].' IllOI;'[, v;d_lo ;uro 't,lJo ][Lo'i,l_ oJ.' v;Lrlc, ut._bll.vllor '[,OlllJ_O:l.'_Lt-.L_'(',l; _l,llCt b|13-'llo.r _rl'l'l-
Ld_,oa,y _.u._,'_ f_uL_:'t,;l.on oI' tlmo, A wortl_whlh_ _uld:li, loll to i,ho p.vogr,%m would

", be Lo oKL¢:u]:d,o tl,_ }_o;d, roqul,rom_,nt of the otl_or lllO_,_l,1_)l_.Ptn of tim, ong.lm_
, _L{_ |91LI?III I|]_ (]O('ILT,'I_,

A _;_,,n])lo table :rod the gloem_ry of :l.npwt wu:_uh'Lo;_ _:o :.q_own :in T_(blo h3.t

G]_Lllt_,oC,_t) lliH_Jo by tyl)lll_; 'tho It,O_l ,Rlmbo,1'p _-_ _l)t_Ooe then the new val_Iop

.Includ:Int,;_ docixwLl point, QI h_ resigned the value of i if a table output

,.. _;uCl*_t_ 'P_tbloA;.',i:_desired. DTO do'bomnlne_ the i'requoncy of datt_ printout,
T'gP l._ 'bho dt_ation of each hoist requlroment. The hon.'b requlromont is zero

d_'in 6 the wa.rm Up time, and is increased by }_X_ each time a period lasting
TTI' uL_oondr, h_ finslhod. The _imulatlon lasts TOTT socond:_, Hash m._,'ks

divide the fetid shn_tlatlon 'time into tenths.

A _lagr_un of _ typical t_aphle:_l output i_ shown in Fig_'e A.2. The top

m" _ocblon plot_ various burner temperatt_-es, The bottom section plots burner

_ ol'flclency _u_d fuel flow as a f_mctlon of maxlmtm, fuel flow. The left side
of the screen d_nplays digital values of what is presented _:aphlcally on

!_ the right side. The '_r preheator bu/tuico (_3H BAL) describes the ba/Ea/icoof

l_ on_'gy between heat tra_isfor from the i_lue gas to the air preheater mettkl
m told he,'_t_rtun;fer ik-om the air preheater metal to the inlet gas. A negative

_' baltul,,',eindlct_tes that mor£ heat ts bolng tr_Isferred to the metal th_l i_om

: the metal, so It_ temperature must be rising.

_. Pro_r_un Listing
FA

The prot_r{uillisting of WARM.FOR now follows, Note that the listing contains
[t_ own nomonol_tt_e and its o_.m method of ehu_ging input variables similar

' to CN%r_A given ill the body of the report.
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' Tablo A.3

i. WAI_I,I_Ol_S_PL_ TABL_JAND C,/.OI_SMIY
: OW TA_LN VARIABL_

/

* OPERRT;I_ CON[,ITION'SBY NL!I_EIE_' * * ,:

* 06 28.800 * e7 20. * e818880.880 * 89 SO 00_!,* .Ui.i?0,,u_..,O+
;1,I i * 't'2 iO _I:18* i'.':Et808 ,_'i_ O,80_._,¢_!5 0 O0_J* .....

' _¢_ItS, 0 (l[i__;'.il'," l'iOIilt'.l_, 18 ki I:iO[)#,I_ tl tlt;+:i_ ',_II'.IU IitilI'#;

.¢:ENI.]1NED l H£NSI_IN'.-', .+ _. , .+
" 2i iO eC_._,.+ ;'2 '" 200 _ ,."_ i,,,t * ,;:':; UO ,e .., 5,O_e * ,.. ,

j * 26 i6,_S_,_, "," 640 * _....
_, ",c..... 4 _,: '+'.-""_',:'5 _o' "-,---, , . ..,,.,IJ + . II , ,

.+:2,1 2 .5_0.¢""' b'_O* :.., ,,u_._'_+-,_. "" 0 _.2,1 _',_00* ._',:,
I. _ '_'- O.O_.,O_...',78.880 * .."_',.,0.$.100* .:*.._0 80_I'.+:4_ ,.tL,00'+

'.¢'_%'+':#!.l"_'t,.¢,,_:¢'._,_'_ ¢.'_k_,t_,l,_',,%_.l_¢':I:_,_i:.,,.%:,r,,t.%:_+_,,t:_',_:_:_,__ t +'_4 4 "¢:_"_.'_'_*,'t #.'}.++.__ _:_4,:_':.t_:

]I :.,,_,'t..,I._,,.,.,,.,XL 't','PL 4;-',TOhN[, I','PE 49 }_, E,,,_..I.IT["NEN(Fr._ii
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l r Fi;raGPFII'II,IRFI'IFOP fPE-I"I, Or_PIIHl-hF' i:t_.lt. _Oi_'
,_ (. l,]l,'ITifZli t:Y I]HI;'TIr_I I:rlGINLEkIIIG llr_i,l:F,4:l.ll',lIF'lll:]tlulll:l.l_

l_ L,LII: ,.','u lt,F riA'_,II-LEI,]I':,l.lli[,ILl, llIE [,OE lil3VflNl:f_[,rll.llOl,tfll ]',,,'[
,I , I-'IhiF'UL'.';IONl:$:01-11i'fll,l

o ( 1'i. ;l:111'OPfll,"t'VflI,'IFIBLE
i' ( Ilflf'H _: ftEfll TPIilI_,FERflREH OF FIJLL fill;' t'PEH[ttl'E_b SF_d'l
i:, l: fil:IL -: JqX,lfiL ENI_INEflI:CELEPflIlUN, I_'FII.,,'F:,EI.+_2

i'_ FII:V._ IiCCELE_'fiTIONOF VEHII:LF.fll *3Thl,l OF TIIiE '::,'IEF',l'1,':i,Et _;:
Iu i. F,_Y_ Pl4_i,f.Y_+o'
.l.L L rlf _. HII,' Ff,'ICliUN, ,ILI,ITUN:.'" '
12 C RFP.:; FR{ff,ITflLHI.'D:IUI" VEHICLF., I'I,_';:
i:. [ AH = HEAT TI;,FIN;_FEF.FIPEAFROIi FLHI'IL, FULl. Lh,.irIL. _.!tl,l
i,l [ FINI.". _:_I|SHEI'd'L_.IIINIIIUI,I FLOI,iAREH, I:I,I.+,,_2
15 C E: .: TEI,IPOF:HP','YA_'IflBLI:
J.u E BAL - RIP PREHERTERENERGYBflI.ANOL ,,HTA-HIF,,'HIM, ;_
J.',' C BC't' = P14_, DCY_.,:C-[,[,l_:_e,2,,
J._:: C BEF = BLIENEF,EFFICIENCY, ,,
I? _] :'LC'T'_ !:ItY-E:LY
20 C. CFF = LLI1`'I':ENTFUEL FLUN.,G,'g
21, ¢ CI'!RPH"= HEATCHPR_-IT9OF FULL _:lll;' F'I_:EHEATER,.I,,.'I,:
"" C CI'IH= HEAl L'AF'A(.II'YOF ORSHEATERSFORONEILgLIN['ER, ,I,.I_.,_.

,=:, C (I'I:,: : HEATCAPAC:ITYOF REGENERATORI'HT[,I,.i, .t,,'l,
, . , ". "C," I 'L4 C CP HEATCRF'ACIIYfT 03NSTRNTI_I_E.,._I.RE.,..l,.'bK

,:.:._t_, CF'fl= HEAl'C.RF'ACII'",'OF AIR.,.1,'Gb.

26. C CPFG = HEAT [RPACIIYOF FLUE GAS, ..I.'G_.
27 [ CS : COEFFICIENTFOR SHAPE OF VEHICLE

,=,. C CV : HEATOIPACll'9 Rl CON':',TANTYOLLII'IE,.I,'13K
29 C CYY" 4. _:L_,_[T,EI'IHPH
-0 C [.'FIr,IG= CHANGEIN ENGINEANGLE,RRD
31 [ DCY = DIAIIETEROF [,YLIN[:,EIk',[:H
.'2 C [.,DR- DIB,"IETEROF DRIVE ROD, CI'I

"" C DEQ _-EQUIVALENT[.,IAIIEI'ER<USE[,IN AIR F'REHEATER,.,Cl'l
Z,4 C. [.,IC"--[.,IRNETERINSIDEOF C,OOLEIkTUBES, C.N

35 C DIH = bIRMETER INSIDEOF HEATER IUBES,CI'I

$6 '_ [,IST= DISTANCE TRAVELEDFRON START, N
",7 C [.OH'"OUTSIDE [.,IAI'IETEROF HEATERILIBES,C_t
38 C DR = DIAIIETEROF EACHREGENERATOR,CI'I
39: C DST = DISTANCETRAVELEDIL.,URINI3TII'IE L-.TEP:ri
40: C DI = TII,IE STEP., SEE

= ", ¢,41, C EAE.,EG ENGINEANOLE,DEI_REE.

42. C, EARA[,,",:"ENGINEANGLE,RRbI_N'..-,
4.,3,C EIN = ENGINE INERTIA,li!'!*.2

44 C EX,._O)= AIR PREHEATERI'IETRLNODE TEI'IPE_'AII.IRES,i.,

45 C FC._- FRACTIONOF Vl_.[,XIHflTIS ADIABRTb1

4t: C FF ---FILI.E_FAi:.TOR,FRACTIONOF REbENE_HTE_.VULUI'IEFILLEL.
47 C NII"H SI_LID, IIU'_:,TBE ,JERUIF I'l IS NOTUSEI',
48 L FFF .=FLILL FUELI=LOI,I, _3,'S
4._ ( FLFII'IE_ E:UIi'NEPFLAI'iE TEHI-'ki.*_ITLii,'E.,I,
50 C FP,4, FOIi_CE01',IFI.,TLN.,,HNHYfk'Oll O'Hi',II.'.;HRFI'IS I"LGIIIVIZ,
51 L', NEI,JTON_.
_._ _ FUEL = TOTRLFUELI£ONSUt'IE[,D_"EN(_INE,t']
53 t_ FNI = FLOI,I, klI:IIEF iNLEI I-IIF' Li'llllkE Eh_HNE Ij.'_,E(

1._14

.....
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54: C 6A_ (KK-I)/KK
55: C GRPH_' MR55VELOCITY(U_£b IN fllR PREHERTER),6/5 CH$_2
56: C G¢_ = IinXIMUH;_SS VELOCITYIN HEATER,0/5 CM**2
57: C HRS= HERTTRRNSFERCOEFFICIENT,N/K CM**2
58. C HREQ= ENGINEHERTLORb,_TTS
59: C HTR= HEATRECEIVEDBYENTERINGR|R, wI/G
_: C HTG,_ HEft'(REJECTEDBYFLUEG_, J,,'G
61: C IGt = VEHICLECONTROLFLRG,t_RENGVEMRSS2=flDbMRSS
_2: C I1, I2 = GRRPHICOUTPUT,X VBLUES
63: C 31,J2 = GRRPHICOUTPUT,Y VBLUES
64: C 37 = DETERMINESINPUTNUMBERSELECTION
65: C KRR= COEFFICIENTOFAIR RESISTRNCE
66: C KK= CP/CV
67: C KR= 1/ KK
68: C KRR= COEFFICIENTOFROLLINGRESISTRNCE
69; C LRPH= HERTTRRNSFERLENGTHIN RIR PREHEflTER,CM
70: C LC = LENGTHOFCOOLERTUBES,CM
7t: C LCR= LENGTHOFCO_ECTINGROD,CH
72: C LH = LENGTHOFHERTERTUBES,CH "
7_: C LHH= NERTEbLENGTHOFHERTERTUBES,CM _!
74 C LNV= LOllERHERTINGVRLUEOFFUEL, ,.I,/G
75: C LR = LENGTHOFREGENERRTOR,CH
76: C M(4) = INVENTORYOFGRSIN ERCHENGINECOMPRRTI'_NT,G
77: C HE= ENGINEMECHANICRLEFFICIENC%PERCENT
78: C NGI = INITIBLGRS INVENTORY,G
79: C MIR = FBCTORRELRTINGMRSSFLO_ITO PRESSUREDROP,G/S
88: C HIRC- BD_IUSTMENTOF MIRTO PREVENTCONTROLOVERSHOOT
81: C MIV= MASS,INERTIROFVEHICLE,KG
82: C MSH= MESHSIZE, WIRES/CM
83: C MW= MOLECULRRWEIGHTOFWORKINGGRS,G/6 HOLE
84: C HWFG= I'IOLECULBRWEIGHTOFFLUEGFL_,P.v'GMOLE
85: C NRPH= # OF RIR PREHERTERFLOWPRSSRGESIN ERCHDIRECTION
86: C NR = NUI_BEROF REGENERRTOR_'CYLINI}ER
87: C N5 = NUMBEROF SCREENSPER REGENERRTOR
88: C NTC= NUMBERoF COOLERTUBES/CYLINDER
89' C NTH = NUHBEROF HERTERTUBESPERCOHPRRTHENT
90: C OHL = DESIREDIDLESPEEDOF ENGINE,PJS ")
91: C PI = PI = 3, 141592654
92: C PI2 = PI/2= I.5878796327
93: C PI._ = 3.PI72
94: C PI4 = PI / 4 = .?853981635
_: C PRH= HIGHPRESSURERESERVOIRPRESSURE,
%: C PRL= LOWPRESSURERESERVOIRPRESSURE,_B
97: C P1(4) = GRSPRESSUREfiT BEGINNINGOFTIMESTEP,MPR
98: C P2(4) = GRSPRESSUREflFTERVOLUMECHRN_, HPR
99: C P3(4) = GASPRESSURERFTERTE_ERBTLIREEQUILIBRATIONRT

180: C CONSTRNTVOLUME,HPR
191: C P4(4) = COMMONGRSPRESSUREAT ENDOFTiMESTEP,MPR
102: C OE = HERTINGOF HERTERTUBESOF ONE CYLINDERBY BURNER
103: C DURINGR TIMESTEP,,I

184. C QEX = HERTINGOF WORKINGGHS INHERTERTUBESDURINGTIMESTEP,J !!185. C QHI(4)= CUMULRTIVEHERTINPUTFORCYCLE,,I

t 3(_
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I06 C Qi = OUTPUTFLRB,,I=FULLOUTPUT 2=QUICKRUN

tgB C RAD_,8.B1745;RRDIflNS,-"DE_EE,,
189 C RAF : RATIOOF AIR TO FUEL,t_,ti
I10 C Rill= RRF+I,G,,'G
Ill C RC = RADIUSOF CRANK,CII
I12. C RC2 = 2*RC
11_. C RE _-.REVNOL[)SNUIiBER
114 C RF = ROLLINGFRICTION,NEWTONS
liD. C RGE = RATIOOF GEARS,VEHICLETRAVEL..'REV,IIETERS
JiG. C RX = CP-'CV
Ii7: C SPH = CRUISINGSPEEDOF VEHICLE,lq,..'S
1i8. C SPVD= VEHICLEgPEEDDESIRE[.,BY SCHEDULE,H,.."S
I19: C SPVi= SPEEDOF VEHICLEAT BEGINNINGOF TIMESTEP,I'I,..'SEZ
128. C SS = CHECKTO ALLOL_Lb;ERCHANCETO STOP
121. C ST = i TO CONIINUE,2 TO STARTOVER
L:.,,..r' STN STRNTONNUHBERTII,IESPRANDLNUI,IBERTO ll_OTHIRDSPOWER
12"._C TI = AMBIENTAIR TEIIPERATURE,K
124. C TA = AVERAGEOF HEATERMETALTE_,_ERATURES,k
12.5.C TAC : VEHICLEACCELERATIONTINE,SEC
i26 C TAPH= THICKNESSOF PREHEATERPASSAGE.,CII
127. C TCR = DURATIONOF STARTINGMOTORTORQUE,SEC
128. C TGC_2,4>= TEHPERATL_EOFGASIN COOLER,K
129 C. T_L;S',_,4.= TEMPERATUREOF GAS IN COL['SPACEAND [,UCT,K
i-,O.C TC11(4)= TEMPERATUREOF COL['METALINCOOLER,_.
Z31: C TF = TIHE INCREHENTFLAG,8=DOUBLEINCREFIENT.,I=NOCHANGE,
1_2. C, 2=HALFINCREMENT
I._.'.,C TGH(2,4) = TEI,IPERATUREOF GAS INHEATER,K
I:,4 C TGHS_2,4",= TEMPERATUREOF GAS IN HOT SPACE,t,
1S5 C TGR,,2,4_= TEI'IPERRTUREOF GAS AT REGENERATOr'I'IIDPOINT.K
I_6 C TH_ = THICKNESSOF |41REIN SCREENSOF REbENERRT_R,C._I
137 C TH_I,,4.,= TEHPERRTUREOF HOT-METALINHEATER,K
1"..8C THI'IG= TEI'IPERATURE.,HOT I'IETALGOAL.,_-,
179 C THU = ENGINENBRN-UPTII'IE,S,EC
140 C TI[,= IDLETII'IEAFTERCRANI,ING,'E,EC
141 C TIN,:20)_.INLETBURNER.AIR NU[,ETEIIF'EF:FITUPE$:,
142 C TI1 = THU+TCR
14Z C TI2 = TII+TID
144 C: TIC= TI2+TAC

, CC'"145 C I'I,IAF'H= THIONESSOF I'IETALSEPARATINGEACHFLOI4FA.,.,HbE,C11
146 C II,IIi',4> = IIIDF'OINTI'EHF'ERATUREOF REGANE_:ATOPIiRTR|:,:,I.:
147 F '[NET_ NET ENC_INE.TOROUE,N-I,I
L4E: C 19TT TOTALSII,ILILATIONTiHE,c i
149 C I0U,20',: FLUEGASNO[,EIEI,IPEIi:RTURES,i,
150 C IPB-:TEI'IFE_RTLRE.P_flF'F$:TIONALBHII[,IN HOI I'IETRL,t.
!_1 " _F'V_ INIEPVALE:ETt.JEENF$'INTOUTS._:
r,._7 . oI..:. C TO_4, = IflFcI'UEFkUI'ILHLH F'IbIUN, f "i_ 1.9 F'CrL,ITIYE, N-I'!

i.., ( luI -- IUTHL1N[,iLI_IEbTCkOVE,N"I'I
154 L i ,'..,- ildHL '.:,HHFI['B'I)IIL, tl-dl
155 C TOV= TUI,'OU[\,'EH|CLEF'LITS,ONENGINE,N-I'I
15,:, C TRFtY=.HVEB'AGEPEb I'IEI'HLTEIiP.
157 C 1ST: STflI,'IiNG1.1UTF_BCIUI,:UUE.N-It
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' IL-,C__: TT = CHEZ.F,TO PETERI'IINEWHEN POINIS 5HOUL[,BE PLDTTEI:)

1'_:,.;_ C TN! ._TEIiPEPATURE,WATER INLET,K

I,;E, [ TNO ,'-TEMPERATUREOF COOLINGWATER, K

;. 161 I: UAF'H HEAT TRANpFEI;.COEFF. AIR TO I'IETALIN AIR PREHEATER,W/CM2 K

" ,' LE,;:C UH = HEAl TRANSFER COEFF.FLUE GAS TO GAS HEATER METAL,W/CI;12K
16:. C .... '_1.1,.,,,;.,UY,"CM

'" l.r-',4 it YAB ;': VCILUI'IEOF AIR IN BLIRNER,CU CI'1
+,, I_.,5 _ VCA,L,4; _ VOLUI'IE,COL[,,ADIABATIC,.C,TART AN_ ENl>OF TIME STEP

1,;t; C YCAI,4, = VOLUMESOF "'-_ORIGINALLYUl_, IllADIABATIC,COL[,5PACE

_c i,Y;' t AFTEI_'VOLUI'IECHANGE,CU CI'I
I(:.E_C VEDA ; VOLUME,AII,IABAIICCOLD [_A[,,CU CPI

169 C VC[': VOLUI'IE,ISOTHERI'IALCOL[.'[JEAi);CU C,1'1
170 C '_,'C[,t4,= YOLUIIESOF GAS ORIGINALLYIN GAS COOLERAND

: _,'_ ,: ISOTHERMALPART OF COL[,DUCT AFTER VOLUME CHANGE

F_: 17.2 r VC[,X- YOLUIiE,COLD hEAP NOT IN GAS COOLER,CU CM
I;°'. C YHh,_:,4;,--VOLUME,HOT.,ADIABATIC,START AND EN/.,OF tIl,IESTEP

;:_ 174 C '..'HAl,4.,= YOLUHESOF GAS ORIGINALLYIN HOT ADIABATICSPF'ICE

_, .L,5 _: AFTER VOLUME CHANOE,L:U[.M

i_: }.;'E.r YH[,= YOLVI,IE,HOT DEAD, KASSUI'IEDISOTHERMAL,,CU CM i
I'_ l;'r C YH[,i4,,= YOLUI'IESOF GAS ORIGINALLYIN HOT [:'EBbSPACE AFTER

1,_S C YOLUt'IEL.HRN&E,_.LIC.M

!_ £;9 C YH[,;',: E:.:TRAHOT VOLUI'IEBESIDES THAT IN THE GAS HEATER,
|-5"

: + loL ,_ CLICI_,INCLU[;ESEN[,CLEAF,tANCE.,GAP AROLINDHOT CAP

12.1 ,1 AN[,,I'IANIFOL[,RSSUH;_.AT HOT I'IETRLTEI'IPERRTURE

,= I;;L.'' ';,'PC,: ,,jtLIHE.,REGENERATOF:i.:R[,.,PER CYLINbER,C.UC:II

_' I',_;"r YR[,I;.4,= YOLUI'IESOF GAS UPIGINALLYIN REGENERATORAFTER VOLUME

_T_ I,_;4 _: CHANGE,CU Cti
-._ 1:_:5 C \,'T,.2,4, = TOTAL GAS VOLUI'IESAT START AND EN[,OF TIME STEP, CU CM
I I::;6 L YT[,= TOTAL [;EA[,"I,,,LLUI,IE.CU CI'I

IE:7 _: WAPH = WI[;THOF EACH AIR PREHERTERPASSAGE,CI,I1'.::&*- i.ICA,L',_ HAS=;IN R[.,IABAIICCOL[.;SPACE AT START AND END, G :'
_+ ;.;:.:'?C NC[.,,2,4, = liASSIN ISOTHERI'IAL(OL[:SPACE AT START AN EN[.',G

._ I_+0 ," 14HA,..2,4' = I'IASE,IN A[,IABATI[HOT SPACESAT START ANb ENF:,G

_. i_'I r _,IH[,,.2,,I,.--MASS IN HOT [.,EA[,SPACE, G
1'3L: _: Nkr : I,IASE,OF I;'EGENEB'FITC$'GAS IIOVINGINTO COOLEFt,G
_._l. C NFC[:,2,4' = I'IASSIN REGEN E'ER[.;SF'ACEAT START AND END, G

134 i. WRH = MASS OF REGENERATORGAS IIOYINGINTOHEATER.,_3

I'-'5 L '/,; TEI'IF'ORARYYARIABLE

l_+t, ( ,:A; LCFC++2
I_,* t ;iE:_ LLP " I"L

£?:5 ( ::C= f;:.:I'IW

L'_+:+ ,. ,:::, 4, : ULL', I'E_,IVOLUNEI_'.AII0

,:: Juu ,. /J : EN_JINESF'ALINGSIN 4 CYLINE,EFI,IAKHINE
,.UI ( ,_ - " " " " '; ';

,+,_ , , - t .F.Y:...._'f'4'.Z[_IT,FOF ':.LOWHIIE'FLLINIHFtUIJI3HF'I,'EHEATEB'
,_'+" L Y : ILHFI)I;'HkYYHI'IAE,LE

_ut, :+ ,'Y- IEI'IFtJl.'flI.Y+,..'AI_'If_EiLF

_,,' _ -'!+LHUi,•)-+.},>_lllbrLvli',i _(_'HL'.;'F,JI;'HE + FOk RIP

,_,i:.L EL': TLf'I_'VI-'HI.Y',..'flPIIE:LL t
,.'Er.-, tl ++*++ +,IHI;'TOF Fi,'OGPI:iI'I++++.1+ +
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,:'iO [,II'I_NSIONTHIi,4,, 1CI,I,:4.,,TQH,,::,4,, IQC._2,4), 1IN,:50,,
211 I E,:,r,k,,TOLhSO,,IHk, 4u(:!Hl,.4,,l-tl,4,
Z'I,: INT_P i]_, ST
LJ" REfll- LH,LR,Lr, I,INFLLLRF'H,LHH,LIIV. [,l';-,ll
L'I4 _: INITIflL OF'ERRTINGO.1N[,ITIONS
21G [,_Tfl THI'IG,TF'8,[,T, I,INFG,"_id'_+",tiu., i._% ,_B _,i,'
,.it, [,flTfl LHY,FFF,VREI,F!RF,lF'O,.'4b4_,-"', I0 , _UOU, L_ 5% lu ,'
.I, [,t'llFlCI'H[l-'lG.,I'I,TTT,TLITI,'IU:.,1 ,.).0,",00,.HU.,,_O0,+

,.It_ [,AIR THEhNU,uN,HkEO,01,'20,20, 0 O, 10800., O,
219 L ENQINE [,II'IENSIONS
2L.O [,RTR[,[Y, D[,_',NS,'IO IE,,4 UG,0,.'
2,_I [,I;ITRYH[,,:,.:,[,,]H,Ltt, NTH,'I.I 59, 0 47,:.',41 ,IC:,., .,'
_"" I)fllFt NR,I)e, LR,FF,,"t:;,: = " _' ",'
_.. ['RTfl ['OH_LHH,TI'IRF'H,.',640, _."_'.,5_I . L.'
=_.4. DRTRLRPH,NRF'H,TRPH,NRPH,'IO 5 , ,200,.'
"'"_ C [,Al'ACON';tflNT':,

""" ' '_ " .,, J.,U.,00i','4q." :, 14,_.'_b DATAPI4., PI, F'I2.,RR[,,E,,_:.7854, 14159, I ""C" , .
_ [,FITR.I, RGE,'5, _ 'o.,:.,_. , 3'L

""° ':' N_'ITE( .T,I0,
_..9 18 FORIiBT,,,.',,.,,.",."0,71_ * ,,' * OPEP.RTIN6(ON[qTIOIG8Y NUIi£;EP
2i0 l,fOX,*', I1.X,'*'.IZ,:,+ ,

2".,1. NRITE,.], 12',THI'Ib,I'PB,TI,[.,I,FI"i:,TIiU,NO,H_'E(!.,ITT,TOIT

_.... I;-: FOI_:I'IHI. _ OL ,F9 _., + 02 ,F_., I U.'. ,I:'_ .., _ U4 ,i") ,
0,_,..., I * 05 F;_ ' _' UE. F? _ 07 15, '_'' '_ _::_,e'3 _ fl',_
;:..,4 2 F? "..,, * ].O,F? "., ¢ ,
:"_, N_'ITE,,,I.,14.,Ol,I'F'U,C_N,GN,GN,GN,GN,I_N,GN,GN
216 14 FORIIRT_.+ J.l.15,_''.,,.,,,;+12,F9 ".,'+ t. ,Fq ", + 14 ,F)

L.:.7. 1 * 15 ,F9 i, * ," * Ib,F'?.,.,+.17 .F? 2, _ It_.F'?' , 19
"'8 ' ,Fg. ;,, + 20 ,FY "
2-.9 NRITE,.J,20.,LRPH,IqRPH,NRPH,IMRPH,TRPH,PFIF,[,OH.,[,IH, LHH,NIH
240 28 FURI'IRT__,ENGINEDIMENSIONS,9X, * IS',,C,+ ,1i;-:,_,,l..:i,* ,"

241 I * , .,, + " _. 15,':"'_ 24 .,F? ,:5 F'3."21 Fg." ,_"',., F9 2_. ., :,,,,, " _ , ,,
" " " Fg. " Fg. " " '"_.4._ 2 * ," _ 26,F9,.>, ._,27 _.....¢.,_8., =, 4'_"._,F? ,' .t'

243. ],15,5X, *.,

244 NRITE(J,"_"_'_'.._.Lr_,FF,NS,MSH,ON,5N,GN,GN,GN,C_N

245. :"._ FORMAT( * SI F9.3, ._:2 ,F9 _, _ 3"_,}5,ti',.i.¢ _4 ,i-:,_,
w._,. i

246 l * 15 F9 _,, .*,.' * .'.E, F9 "., * ".7" F? ._, _ _.8 Fg._ ' "_
_.4, 2 F9 ._, * 40 ,Fg._, +")

249. "__8 FORt'IRT,. 21,._ ,," l I .....................TYF'E48 TO ,5:.,C,,_,v,.,.-,,',,'.,,._,._X EN[, .,I

250 I TYPE49 TO EXECUTENEN CRSE ,')
_...,I. REfl[.'_5,36'.17,O[_

_.5.". _.,6 I:'ORFIRT'I,_,,_,_.,FIO 2"
25; IF,,,17-_)45,.45,",q.,_

254 S,q IF_,IF-I?N.,47, -_?
255 :.9 IF,.J7-29)49,49, 40
% -
_.5b 40 IF_.I7-39',50, 50, 51
,.5, 45 GO TO ,'5"5-'5S 56,_-'5'_5'_,60,61,\..g., _, _. , _.11 , _i_, . _ll

258 47 ,17;.17-?

25q I_0TO _62,6.'," "_ 6_,_.,,BE',. 7i.,. t,4.,b.,, "" 6% 70, ,1.
260 49 r,-t', ,qOl _d{--I. 0

...... q " 17261 GO TO _, ,.,, ..,, . , )., ,'_ ..... E;O,_I ',

142
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" ' 1

.*,.

_lG, 78 RRF=QQ
_-.' _17: L30T09

.318, 79 I)OH_QQ
-_19: GOT09

=: ;20: QO DIH"QQ
_._. 60TO._
;22, 81 LHH_QQ

"_' 323: 60T09
,; .,24, 82 NTH_@,Q
".-' 325: 60T09

._ ;26: 85 LR_QQ327: GOT09
328: 84 FF=QQ
;29: GOT09

._3g:85 NS=QQ3%1: GOT09

._'::2: 86 1'ISH=OQ.%.R. GOTOS

I_ .R.R4 87 GN=QQ
* .%5 GOTO;_

_,.% 8B GN=QO
3_7 GOT09
._;,8 89 GN=QQ
._;9. 60T09
348, 98 GN=QO
]41 GOTO9
_42. 91 GN--QO
343 GOT09
:44. _,..,-"6N=QQ
_45. GOT09
:.46.9] CiN=QO
"47 GOT08
_4E: 94 GN=QQ
:,49. GOTn9
350 95 GN=OQ
",51 GOTO9
"_," '_,_ GN=OQ,,J..C ..

,5" GOTO?
],54 77 QN=(_!
._55 QOTO?
-56. .%, ON=O[:'.
-,57 GOTO?

i, ;58 9.9 GN=Q@,
".5'9, OOTO?
".69.188 60T05000
%1 IoI I:0NTINUF
-6Z IF,:,OI.6E.I>WRITE(2,r95.,

i t I" "%:; 195 FOPI'IAT,TIIIE.:,EL.,HT TUBE,k, FUELFLOI.I,.Q,"S_ HEAl_EU,N,
_'64. I , BURNEPEFF% RF'HMETNO[,EAF'HHI BHL,.,,"_
1,65 t _"*-**_*+.+BUkI_EPINIIIRLIZF_TInN,+-+_._+"_._.,
_6t: [,0 2OLi_I=I,NO
:67 2UU E;';,I ,:Tt
-._:,',:.',E HEFtTFF_F'A[ITYuF AIF' F'PEHEF_TEPHETFtLA::,::.,UH1N_J':.,TEELI_iIH

144
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i

4:;:1 TU'_:I,_T1
4,_,_; _: ,t;,t.+.+..t.++.+_-1H.:,HEATF.F'l,tARliUF'f+..t+,4.t*.+..t.
L.: 400 TII'I=.TI1'1+[,F
,b:4 TA_,1HI'I,.I,+THI'I'_;,_THI'I,"-",+THH,4',,'4
,I,:!S+' TFHPEF'ATLIIiEEl,i,'Ol;',FOP C(.-INTF(_L,
4,::,, TE'[hf'lq-TM
,t,-:,' L LLIpRENTFUL:LFLt3I,I
.t,;+S IF, IE .+Or.,,4ff3,,K,E,
4,:!_ 4_:_S (.1_F,=U(II*.FFI-
,I:A G1:fffi40':_
45j+ ,In+ IF, IF---TF{i,.h:tl.;.,bY+,,l+u'
4_;: ,I+);' I:FF_FFF
4:: :_I:IT:4 ,',!_

41,;,_I., ,.I:F_rFF+':T[',,"TPE_4::4 "
4_,'., 4if+.+ CI:JNTINLII_
,FX, FUEL_FI.IEL+(FF+[,T
4:1' I: Hr.ATTPAII_PE_C.AL.(.I.ILRT|ON':
458 C, AIR TEI'IPEF'ATUPES
4,"..'_ ( HEATTRANSFEPCOEFFICIENT
440, GRPHmCFF*RAF,,'AFAPH
441 RE=[,EO+GAF'H+25e0.
44,2 CALLSI'ANTP4,RE,SPIi.'
44_ ,,,=U^X+STN.*bRFH+1,19,'CFI+
444 IF(._2.-X;4_O,420_4,_5
445. 420 [.q:l42,ZL-_:'I.,NI:I
446, 4Z2 TIN(I+I..,_EX,,I:.,
447 130TO4,?.8
44_, 4,_5 X=EXP,:X:.,
449 [iO4L7 I=1,NO
458 42.7 TIN(I+I.,=EX,.:1)-',EX(I.'-TIN'"I.'.',."X
451: 428 CONTINUE
452 { ADJUSTHEATEXCHANGERHETALTEHPERRTUP:ES
45_: X=CY*CFF*[,T
454. DO 4;0 I:I,NO
45,5. 4S8 EX_I)=EX(I)-X*KTIN(I+I..,-TIN(I.,,
456 FLAHE=TIN_NO+I>+[,T2
457. C HEATFLUXTO ALLHEATERS
458: C OUTSIDECONTROLLINGHEATTRANSFERCOEFFICIENT
459. UH=([,OH*CFF*RAIIAHF,.'.0006)**0. 5*.£_@O_/DOH

X=UHmlIH,.[..*._.)460: 43_ ' " (_" "_
461, DO 438 I=1,4
462: IF_CFF-X)4.5,4;5, 437
46_'. 4_5 T3R(I;,=THM(I
464: 60TO4.R8

"'_ +l' " '' 'J_ _465: 4_," T._R(1)=THH(I_.+_.FL_IE-rHI,I,;I.._,.E_,P_,_...-'./CFF:)
466 4_8 CONTINbE
467 TOU(NO+IT.,=(T._A_I'.)+T._A(2) _+I,_M(4))/4.
468 C EXITFLUE68S TEHPERATURESTHROUGHAIR PREHEATER
469 C HEI'ITTRANSFERCOEFFICIENT,FLUEGAS SIDE
470 GAPH=CFFm_RAI)tAFAPH
471 RE=DEQ*I_APH*2580
472 CALLSTANTN(RE,STN)
47._ X=STN*GAPH*I.I..*U,_Y/_.FF
474 IF(X-_2.)444,440,440

146
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•i7'5 4413 I;,0447' I=1,NO
41t.", .t,t_; Ti.'iU,I J_E:'{cI '
't77' _i)T0446
47>E; 444 ; I_E'{F'_.L'I
417i ['1144bI _';L,Ill]
4';'.i'-i Jl-_lift-1 �l
4Lil 4,tiq TOUtJ',q:',.;,J ,'-, [}.',,.I.,-TOLI_J*l ' ','",:
4',:',,_ _: I;Efil;,JIJ',_TflIP PG'[flE6TIT_Pl'll_l,gLTEI'IPEI_'FITURI7
41!i;, 4,18 :',._li.'i"l'iCFFt{,,
,ld4 [,I] 45b l_i, lli;L
4fl5 4'.',I) [;i,: I ,,"[',.,' 1 ,+',;i., li)tl, Ill ,-li-'ilJ,'. 1).,

,lOt; ( IEIJF'I_'i_TUI'17,EOLIILII{$'hTIOIIPOl_'TIMES'lf_f-"lJllH NOVOLUblECHI:III6E
4t_i7 L" -"TO SHORTENi;i:tLiDJLRTIONIT IS AS_UI4E['THATHEATT_FIIISFE_'IN THE
4811i i; HOI ANDCOL[,SPAf.,E';IS NI)N-E',.iI'DTANTFIN[_THEHEFITTI;'FtNS';'EF:
409 C IN THEUlHEPDPF,:ESIS PElf'PET
,I_0 _'.IN,:M:-'D,HEFITEP_,
491 ¢ BUI;'NEI'HEATII'I@
4'.:q: {.lO409 l"i, 4
49; OE-[,Ti.[2KFF i,FLAI'IE-T.";A(I,,,,.'4.
494 IF",,H,LT," " "'_-,_:GOTO4_.,._'J.
4?5 C CUI'IMULATIVEHEAT INPUTFOl_r::CLE
4'._6 rtHl_I ',It)Ill ,.I., +l;IEd,
4.97 C CHANQEIN TEMPERATUREOFHEATERMETAL
498 489 THI'I,I ,=THM,.I .,+,.OE-QE',4;,/CMH
499 BEF=QEX,'DT,'(CFF*LHV)._,400
508 11=TIM,'TOTT_.450+54:
501 Jt=. 28,_(TA-.SOe.)+418
50L IZALL POINT'.I1, .ll:
50"., Jl=2B*(E',,(dlO)-TeO)+410
504 CALLPOINT,,IfJib
505 .II=20*tE>_tl.,-]08;,+418
506 CALLPOINT(II,Jl)
507 JI=CFF,.'FFFiC50+20
508. CALLPOINT.,II,Jl)
589. ..II=8EFm_.5+20
51U CALLPOINT,'11,Jib
511. IF(l IH-IT) 520,505,505
512. 585 TT=TT+TPO
51":.:. HTA=CPA*RAF*(TIN(NO+I)-TIN(1))
514: HTF={PFG._,RAI._(TOU(NO+I>-TOU(1) )
515; IF(HTA,LT 99:)GOT0510
516 BAL=_HTA-HTF,',/HTA._.tea.
517, [10T0512
518: 510 BAL=I"gO_.
519, 512 WRITE(5_517)TIN(i), TIN(NO+J.)_EX(I), EX(N02),EX(NO),FLAHE_
528: i TOU(1),TOU(NO+I)
521: 517 FORMAT(,"/'',F6.8,IX,28("*"),F7.B/8X,'m",18X,"*'/8X,'m',
522. I F4.O,2F7.ia,'i", F1RBx'8X,"_ ", 18X,".t'/' ", F6.O,IX, 20( '*" ), F7.B)
5%3. I_ITE(5, 518)BEF,BAL,CFF
524. 518 FORMAT(/'BURNEFF",F5.t, " APH BAL"+F6,i, " CFF',FT.3)
525 X=QE',_'DT
526 IF,.01.liE.I')WRITE(2,519)TIH,TA,CFF,X,BEF,,EX(NO),BAL

147
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.!'S' " ' " " " . • ,.

i,

:" 527:5_,9 FORMAT('", FS.2,FI?, 4, F14.4,_F£4.4)
., 52e; 52._ IF<TII'1-THU:,400,488,54_

529: 54B I;IEX_I3EIR+HREQ*BT/4.
" 530: IF_,TII't,_T.TOTT)_iOTO60B

5;1, THU_THU+TTT
", 5_c2; GOT0400

_;_. 5.3Z_. 60_ REAl)(5,610)X
:., ..,.A. 610 FORMRT(FJ,O._)

_ 5;5: GOT09
5:6. 5GO0 STOP
537 END
5_,$,

! 5:_9," SUBROUTINESTRNTN(RE,STN)
: 540 IF(RE-2O@O..)lOB,100,200

i 541 lOB STN=EXP':i.6988-.9;6S*RLOG(RE)'542' GOTO._00
54_' 200 ._TN--'E_P,'4,0555-.180_*ALOGKRET'
544 Z:OB RETURN

J_ 545. END
).

!

t
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1
'I'_blo B. L

I,'llLI, 1NPll[L_B AND OLI_PUT;B FOTt l_ I]A_iilS
ll_l_I)TLI IHi_ilY[,l'_lIQll_1aO_HMI,ATION

N_n.om.:l.wl,,.',,

lit' V,u_,luo _l,ood, z'pm

PS Awu'a.{_oPI,'luu'_uro,lUr|;t

ND Nu,nbo_'o'f dol,,_:oo_in m_xlo Incz'ommi:

'I_' I,mldo llo_i,l:{:Tube Wctll Ttnn',po}nttm't_,F

L:t _k'actieu of Tot_tl Gm_ Oh_u'_e Le_k_u p,n:MP_%P p_r uocond

TY ll,It_tO oollnt_ Wat_zr T,_mpe..zat_a'o,9"

FX Coolt_,g Water Flow _,_pm@ 2000 rpm p_ cylinder

OG Opex'tttingG.'ts,:|,--hydrogen, '2:-helil,n, ) :_[r

DO D.t:_moterof engine cylinder, _,

l)R Di_mlet_u'of zogonorator, em

IC .ID of cooler tubes, _ml

OO Ob o£ cooler tubo_, _n

DW Di:m_et, er of "Wire" illregenerators

DD Di;m_otor of piston Drive Rod, cm

IH ID of He_tl,er Tubes, cm

Of{ lloater Tube OD, on,

G G;tp it, hot cap, cm .'- 0..56 cm

LB Lon6th of Hot Octp, cm

LR Length of Regenerator. em

OR L_mgth of Oollnectilt_Rod, cm

RC Cr_uk Radius, cm

IX] Length of cooler Tube, em

LD Heat 'lr_'mmfea, • Length or'Cooler Tube, cm

LH }lea%or Tt,l,eLungth, em

LI lloa't.,+r _htbe llu;t% Tr;mul'L_z' Lentd.h, em

NC Number of Coololt Tubut" per (l,yltud_u"

NH Ntmtbtr of l{et,'eutu';tttu'up_,r cy],.ll_dur

N Ntm_bar of Cyllndc:r_ per Engint_

NIl Ntmlbt_rof }Ic_t%t_rTubu:_ pt,rCyllnd,ur

........... ....::: .,., ... ..... _ ____._1-,......... . .................. '....
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k_

_' 'rm,l,.t _..1 (e.nt,.Iml,,d)

i.
L:

L' |'_I" |_.I].IoI" I';U;I, vl', .L'I':w,I.loll o.l' .l.'Ol_oll,_Wo.t,o]' Vo'l lllllo :l'].].lod _¢tl,h n_]:ld
h,

AL Ph:u1_ An/,:|.n Al'l_ha, gO dot,3'oon

(IX _h1.1,d d.oll.d vo]_|lllO ohi',Iv_do cnolol ° T_ibon! _.i| ':) (d.ol,_?1:ll)i:.-_(l by.o.t,!)(?_' ..........
1nlmt oM,,v)

MI_T Mo_2ha,lfl.c_d. F,'l'l'l e.I ulw, y p _

l"Fl l,'urn:tceI_,LI'I'Iv:hme,y,

I,E P,I nton End (].le_'a.wee, ,:'m

_(] Wlkll Th},el'm_;iu_ of ILo't G_Lpt cm

S_.I W'f1.1_'h'_c;kno_ of _,xl_:Lm,_lonOylindor W_tll, ca

SR WIll1 Tlflekness of R:_..onor;ttorl{ouc.ln£_,c'm
i

Z_' 0 fur Specified St_l,lc Gonduetlon, I for Cv/Io_ff_:t%.odSLc_tlc ,_i
(]011d_*('.'51011

ZH Speclf,[od Stwt,lo He_tt gon_ct.lon Loss, watts

KI_ Me%,_d The_'m_tl Go,,due%:tviLy, w/oreK

ID ]n_ide lli_u_etc.ro1' Oom_ectln_; Due%, em

LE Len6th of Com_ect:l,-_ Duct, or.

NE N_u,bcr of Comwctin6 Ducts pel-eyl_ndor

BF Butw.or Factor to (lonvort Pow._" Outputs to Ne_ly WIlt GM Says

They Sho*Lld Be

Ibl
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; T_LbI,_B.I (_m_%3nuod)

ISOTHERMRLSECONDORDER CRLCULRTION--

,_i PROG, 150
::_' 09 RPR1988

WRITTENBY WILLIAMR, MARTINI

_)'" CURRENTOPERATINGCONDITIONSARE:
_= 200. 08 P$= 209, 80 ND= 20. 08 TF= t200, oo

LI= e.eeee TY=i35.eeee Fx= 25.000BoG=I

CURRENTDImeNSIONSARE'
DC= 10,16B0 DR= _,b_O IC= ,1150 OC= .1670
DW= .80432 DD= 4,8688 IH= ._4720 OH= .6400
G= .04868 LB= 6.4080 LR= 2,5080 CR= i_,6508
RC= 2,_250 LC= 12.9000 LD= 12.8280 LH= 41,8808
LI= 25,5800 NC= 312 NR= 6 N= 4
NH= 36 FF= ,2080 AL= 90 00 CX= 254,2884
ME= ._. 0000 FE= 80. 8_" EC= 04860 SC= .063_
SE= 18160 SR= 85108 _"- ZH= "_. , _- I 21&_,'
KH= ,2888 ID= ,7608 LE= 71.0888 NE= 6
BF= .4808 BB=
POHER, WATTS HEAT REQUIREMENT,,t_.TS

_4_8,5757BASIC 1469,2197 BASIC '__
HEATERF,L, .9384 REHEAT 47.4414
REGEN.F L. 74_03 SHUTTLE 2056.8794
COOLERF.L. .8388 PUMPING 1,2t34
NET 1460.01_ TEMP,SWING 41.6411 I
HECH.FRIC. t46.001_ CONDUCTION 2t6,_688
BRAKE 1314.0111 FLOW FRIC,CREDIT -4,6535

•, HEAT TO ENGINE 4797.4658
INDICRTEDEFF,"-.- _0.4338 FURNRCELOS3 tt_q...3665
OVERALLEFF,",'.=21.9_17 FUEk INPUT 5996.8_0

HOT METAL TEHP, K= 922,_'_'_ COOLINGWATER INLETTEHP,,K= _30.5555
'EFFEC.HOT SP TEHP,K= 876,3427 EFFEC,COLD SP TE_IP,K = _48.5838

i
I
1

15.'



ISOTHERMALSECONDORDERCflLCULRTION--
PROG ISO
09 APR1980
NRITTEN8V WILLIAMR. HRRTINI

CURRfNTOPERATINGCONDITIONSfiRE:
5P= 208,08 P_ 500,OO ND= 30.00 TF_ 1200.BO
LI= 0.0000 TY= $_5,_ FX= 2_ OG= I

CLIRRENTDIMENSIONSARE'
DC= 10 1600 DR= 3.5000 IC= ,1159 3C= ,t679
DN= 08432 DD= 4.0608 IH= .4728 OH= .6488
G= 04060 LB= 6.4088 LR= 2.5880 CR= 13.E_88
RC= 2,3250 LC= 12,9008 LD= 12.0_0 LH= 41.8088
LI= 25,5880 NC= 312 NR= 6 N= 4
NH= _6 FF= ,2800 RL= 90,B0 CX= 254.2884
ME= 98 eee8 FE= 80,eeee EC= .84860 SO= ,06350
SE= ,i0i60 SR= 85188 ZZ= i ZH= 205.81
kM= ,2088 ID= .7608 LE= 71,088_ NE= 6
OF= 40LE_ BB=
PONER,NRTTS HEATREQUIREMENT,WATTS

BASIC $538.G177 BASIC 6826.9458
HEATERF.L 1, $498 REHERT t2_. 7683
REGEN,F L 8.3425 SHUTTLE 1948.9211 !
COOLERF L. 1 3411 PUMPING 5.17_4 i1
NET 3519.5852 TEMP,SWING 252.7231 I
IiECHFRIC _'_51,9586 EONDLcTION"I" 205.0124 I
BRAKE 316,?,6_b('_"_FLON FRIC,CREDIT -5.5262 1

HEAT TO ENGINE 85548117 i
INDICATEDEFF """ '___- 41.1454 FURNACELOSS _I_8,5829
OVERALLEFF "- "......_'.- _9 b_4, FUEL INPUT 10692.5137 i

HOT I'IETRLTEI'IPK= 9_ _ COOLINGWATER INLETTE_._ K= 330.5555
EFFEC HOT SP TEI'IPk= 85_.7864 EFFEC COLD SP.TEHP k.= 353,9696

O0000002-TSE06



' ( d)C" Tz._blo B, 1 oontlnuo

-: It!put, a_ld Output P_:tntouta

%.

il I¢"OTHERMALSECONDORDERCALCULATION_'PROO.ISO09 _R 1988

: WRITTENBV HILLIRNR. MARTINIi

: CURRENTOPERRTINO CONDITION$ARE:
" SP: 208,08 PS= 10_, 00 ND= 38,_ TF= 12_;@@B

Li: 8, 8000 T9= 135, 8068 FX= 2:, ebbs. OG=t

CURRENTDIMENSIONSARE:
DC= 18.i_ DR= 3,5080 IC= .li5@ OC= .1670
DW= , 08432 DD= 4. 8688 IH= , 4728 8H= ,6408
G= , 84869 LB= 6, 4880 LR= 2, 5888 CR= 13, 6508
RC= 2. 3258 LC= t2.9_0 LD= 12,8200 LH= 41. 8080
LI= 25, 5989 NC= 3i2 NR= 6 N= 4
NN= 36 FF= ,2880 RL: 90. 08 CX= 254. 2884
ME: 9_8800 FE= 88.8888 EC= .84860 SC: ,06_58
SE= .i_168 SR= .85t88 ZZ: I ZH= t85.6i
KM= . 28_0 ID= . 7688 LE= 71.8008 NE= 6
BF= , 4000 BB=
POWER,WRTT$ HEAT REQUIREMENT,WATTS
BASIC 6518.2821 BASIC I1768.6221
HEATERF,L, 2, 3809 REHEAT 2_5,2546
REGEN,F.L 9.8929 SHUTTLE 1764.4348
COOLERF,L, 2. 4394 PUMPING 15. t419
NET 650_.4893 TEMP.S¼1NG 958,1328
MECH.FRIC, 658.3491 CONDUCTION 185,6057
BRRKE 5853. i406 FLO_FRIC.CREDIT -7.3273

..................................HEATTO ENGINE 1491i, 8633
INDICATEDEFF.X= 43.6i28 FURNACELOSS 3727.9658
OVERRLLEFF,X= 31.4013 FUEL INPUT 18639.8281

HOTMETALTEMP.K= 922.2222 COOLINGWATERINLET TEMP,, K= 330.5555
; EFFEC.HOTSP.TEMP.K= 818,2188 EFFEC.COLDSP.TEMP.K,= 364.9367

t

154

_, . ,, -%, .
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!_._ut _uld Ou'l:,_2jlt.I_/!:lLt2j!t,!!

e

: ISOTHE_I4RLSECONDORDERCRLCULRTI_--
.._!t

PROG,ISO
09 RPR1980.

_" I_ITTENBY WILLIAMR, MRRTINI

CURRENTOPERRTINGCONDITIONSARE
_" SF'= 200,00 PS= 140000 ND= 30.00 IF= 1200 00

W Li= 0,8090 TY= 135,0000 FX= 25.0000 OG= I ,,.

_URRENTDIMENSIONSARE.
DC= 10,1680 DR= _ 5@00 IC= ,1150 OC= .1670
DW= 004_:2 DD= 4. 0600 IH= ,472_ OH= .6400
G= ,04060 LB= 6.4000 LR= 2, 5000 CR= 13, 6500
RC= 2,_250 LC= 12, 9000 LD= 12,0200 LH= 41,8000

•_ LI= 25,5800 NC= 312 NR= 6 N= 4
-_ NH= 36 FF= .2E_0 AL= 90, 00 CX= 254, 2804

ME= 90.0_ FE= 88.0000 EC= , 04860 $C= .06350
-I SE= ,t0160 SR= .05t00 ZZ= t ZH= 176,30"" KM= , 2000 ID= ,7S00 LE= 71.0000 NE= 6

BF= ,4080 BB=

POWER,WATTS HEAT REQUIREMENT,WRITS
BASIC 8790,2656 BASIC 16311. 70t2
HERTERF.L. 3,_721 REHERT _24,370t
REGEN.F,L, tl, 2076 SHUTTLE 1676.0t05
COOLERF, L. 3.3873 PUMPINQ 25, 4798
NET 8772.2_B TEMP._qINO 18_.36_t
MECHFRIC, 877, 231_ CONDUCTION t76. 3041
BRRKE 7095. 0693 FLOWFRIC,CREDIT "0, 9759

HEATTO ENGINE 20_t3. 248_
INDICRTEDEFF _= 43. i85i FURNRCELOSS 5078, 3115
OVERALLEFF,%= 3i. 0933 FUEL INPUT 2539t, 5586

HOTMETRLTEMP,K= 922. 2222 COOLINGWRIERINLET TEHP., K= 330. 5555
EFFEC.HOTSP TEMP.K= 798. 3Bet EFPEG,COLDSP.TEMP,K = 368. 2829

, Ibb



ISOIHERHALSECO_ ORDERCRLCULRTION--
PR_, 150
89 RPR i9BB
L_RITTENBY _ILLIRHR, MARTINI

CURRENTOPERATINGCONDITIONSARE:
SP= 508, 0_ PS= 288,00 ND_ 38.80 TF= 1288,88
LI= 0,0080 Ty= t_5, 0888 FX= 25,8888 OG=t

CURRENTDIMENSIONSARE:
DC= 10,1608 DR= 3.5888 IC= ,Ii58 OC= ,1670
bH= ,88432 DD= 4.8608 IH= .4728 OH= .6400
G= .04868 LB= 6,4088 LR= 2,5808 CR= 13,6588
RC= 2, 3258 LC= 12. 9888 LD= 12,8208 LH= 41.8800
LI= 25,5890 NC= 312 NR= 6 N= 4
NH= 36 FF= .2888 RL= 90.80 CX= 254.2804
HE= 90,0888 FE= 88._00 EC= ,04860 $C= .06_58
SE= , 10168 SR= , 05180 ZZ= t ZH= 285, 71
KM= ,2888 ID= .7600 LE= 71.8888 NE= 6 ']
BF= 4@08 BB=
POWER,WATTS HEAT REQUIREMENT.,WATTS
BASIC 3541,e508 BASIC b8_.88,.,.'"_o _"_

HEATER_.L. 8,4157 REHEAT 121.0556 1
REGEN.F.L 52.0297 SHUTTLE 1955.5525
COOLERF. t 8. 3e94 PUMPING 5 1772
NET _4722361 TEMP.SWING t01.3289
_ECH.FRIC. _47, 2237 CONDUCTION 205 7899
BRAKE 3125 0125 FLOW FRIC CREDII -_4.430G

HEAT TO ENGINE 8_87.2803
INDICRTEDEFF.%= 41,3988 FURNACELOSS 2896.8198
OVERRLLEFF _= 29.807_ FUEL INPUT 18484.0996

HOTMETALTEHP K= 922.22_2 COOLINGWRYERINLET TEHP, K= _38,5555
EFFEC.HOT SP TENP.K= 854 9666 EFFEC.COLD SP.TEHP k.= 353 4785 "_

'i

',"_ '"; - ........ " " I II I I "'_
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•!'.. q_blo B,: (oonttn.,_ .................................. 'r.

It

'_" r_A_put_Id Output Prlntouta

|._OTHERHALS£Cg'NDORPERCRLCULRTION--
". PROG ISO
L, 89 RPR19e8 !

_._!!ii,_ WRITTENBY NILLIF_ R, HRRTINI

,; CURRENTOPERRTINO CONDITIONSARE:
. SPm 501B.i_ PS= 58B,i_e NI)m 3_,el_ TF" 12ele,eel

Lt= e.eoBo TY=,l_5.eeoo FX, 25._8 oo=i
),,

CURRENTDIMENSIONSARE:
DC= i0,i_ bR= 3o5_E_ IC, .liSe OC= ,1670
DW= ,_432 DD= 4, _6eB IH= , 47_ OH= , 64_
6= .84060 LB= 6.4eBB LR= 2.5_B CA= t3,65eB
RC= 2._258 LC= 12.9ee8 LD= t2 e288 LH= 4i.@e_B
LI= 25,SCAB NC= _i2 NR= 6' N= 4
NH= _6 FF= ,2ek_B AL- 98. OB CX=, 254.2884
HE= 90. eeeo FE= _._e EC= , @4_0 $C= ,06350
SE= . iOt6O SR= .05i0e Z2= i ZH= t8f)._7

" KH= ,2800 10= ,760e LE= 7t, e_BO NE= 6 .....
BF= .4_B Be=

}. POHER,WATTS HEATREQUIREMENT,WATTS
BASIC 7999.3_et BASIC ',IA,64@,_:_B25
HEATERF.L IB. 7768 REHEAT 292, 07i4 ,.
REGEN.F.L 66.9_08 SHUTTLE t_t4.64e9
COOLERF.L. t8. 99?5 PUHPIN6 2t. 4229
NET 78._,_e TEHP._:%IIN_ 5e4, E?_8_
HECH.FRIC 789.4628 CONDL_T|ON t_B. 367_
BRAKE 7te5,1636 FLOWFRIC,CREDIT -52. 24ie

.................................. HEATTO ENGINE t7_$t. 7b_2
INDICRTEDEFF.'-_- 45.4i92 FURNF_ELOSS 4_45_424_
OVERRLLEFF._',,= _2.7018 FUEL INPUT 21727.i2_

HOTMETALTEHP. K= 922. 2222 COOLINGWRTERINL£T TEMP., K= 33_. 5555I'

: EFFEC:_.HOTSP,TEHP.K= 806. 0_47 EFFEC._q.DSP,TEHP,K. = _5, 5B99



7 "

_ Tn.bloB.I (contlnu_d)

]_it _l_iOut_it P_Intoutn

j I£OTHERI4RLSECONDORDERC.RLC!ILRTION--
_" F'ROG,ISO

09 RPR1980: WRITTENBY WILLIAMR, MARTINI

• " CURRENTOPERATINGCONDITIONSfiRE'

SP_ 500,00 PS_ 1o_o,00 ND= _e,ee TF_ 12C_C_LI= 0,0990 TYe 135.8889 FX= 25,0900 OG=1

CURRENTDIMENSIONSARE:
DC= 10,1600 DR= 3,5800 IC= .iI-_ OC= ,1670
DW= ,00432 DD= 4.8688 IH= ,4720 OH= ,6488
G: .04060 LB= 6.4000 LR= 2,5888 CR= t3.6588
RC= 2._250 LC: 12. 9000 LD= t2, 8208 LH= 4t. 8880
LI= 25. 5890 NC= 2t2 NR= 6 N= 4
NH= 36 FF= , 2000 RL= 90, 00 CX= 254.2804
HE= 90.0000 FE= 80.0080 EC= .04060 SC= .06350
SE= .10160 SR= .85180 ZZ= t ZH= 195.95
KM= .2000 ID= .7600 LE= 7t. 0000 NE=. 6.
BF= .4000 BB=
POWER,WATTS HEATREQUIREMENT,WATTS

BFE;IC t7t_1. 9375 BASIC 29910. 8047
HEATERF,L 34.2715 REHEAT 64t, 8933
REGEN.F,L. 85.3313 SHUTTLE 1862,7869
COOLERF.L. 34, 9928 PUHPING 66,6066
NET 17037,3437 TEMP.$WING 2475,54B3
MECH,FRIC. t703.7346 CONDUCTION t95,9516
BRAKE 15333.6094 FLOWFRIC.CREDIT -76,9372

HEATTO ENGINE 35_76,652_
INDICATEDEFF,%= 48.57i7 FURNRCELOSS 8769, t62t
OVERRLLEFF."_= 34. 97t7 FUELINPUT 43845.8125

m_

HOTMETRLTEMP.K= 922. 2222 COOLINGWATERINLET TEHP,, K= 330.5555
EFFEC.HOT$P.TEMP.K= 8328246 EFF_C.COLDSP.TEMP.K,= 353.8t92

J I
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ii Tablo B,I _.......... ,

i[

;_ I$OTHER¢RL_ECONDO_DEPCALCULATION--
F'_'OQ I_
O_ APR19BO.

I,JPITTENBY I,IILL.IRNR 14RRTINI

! C:URRENTOPERATINOCONDITIONSfiRE:
_P= 59_. 98 P$= 1406,90 ND= _0,80 TF= 12L_,00

I. Li= 8,8080 Ty= 1)5.8909 FX_ 258898 Og=t

)_ -

CURRENTDINENSIONSfiRE:
DC:= 10,1608 DR= _,5000 IC= ,tt59 OC= .t67_
DN= 90422 DD= 4.0609 IH= ,4720 OH= ,6408
G: , 84060 LB= 6, 4900 LR= 2, 5808 CR= t2,65EE4
RC= 2.2258 LC= 12,9099 LD= t2,8200 LH= 41,8000
LI= 25,5$00 NC= )12 NR= 6 N= 4
NH= 36 FF= . 2900 AL= 99. 09 CX= 254. 2_4
RE= 99,8_0 FE= 88,0098 EC= ,94069 SO= .06_50
5E= ,10160 SR= .05t00 ZZ= i ZH= 29t. 88
KM= 28_0 Ib= .7609 LE= 7t, 0000 NE= 6
BF= ,4080 BB=
PONE:_,HfiTTS PERTREQUIREHENT,WATTS

BASIC 24449. t367 DRSlC 42964, 4766
HEATERF.L 45.42_6 REHEAT 9_3,_535
REGEN.F, L. 98.8550 SHUTTLE 1911,5562
COOLERF.L. 46. 5941 P=IRPING 114. 9268

NET 24257. 3457 TEHP.SWINO 4924.7031
HEC_FRIC 2425, 7351 CONDUCTION 281.8818
BRAKE 2183i. 6tt_ FLONFRIC.CREDIT -94. 86tl

HEATTO ENGINE 58_5. 2305
I_)ICR;EDEFF.X= 49. 46t2 FL_h_CELOSS i_513, B_6
OVERALLEFF.X= 34, 8929 FUEL INPUT 62589.93t2

HOTMETALTERP. K= 922, 2222 COOLINGHATERINLET TERP,, K= 339,5555 !
EFFEC.HOTSP.TEMP.K= 844.6619 EFFECCOLDSP,TEMP,K,= 353.6_19 i

!

159
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J
CURRENTDIMENSIONSARE: J
DC= t0, t608 DR" 3, SBB_ IC= ,t15_ OC= ,t678
DH= ,88432 DD= 4,8688 IH= ,472B OH= ,648B
G= ,84860 LB= 6,4888 LR= 2.5888 OR= 13,6588

,5= _=RC= 2,_.,0 L_ I_,9088 Lb= 12.8288 LH= 41.8888
LI= 25,5888 NC= _I_ NR= 6 N_ 4
NH= 36 FF= ,2808 RL= 98. ee cx= 254.2894 i
tqE= 98. e088 FE= 88, eeee EC= , 84e_4 SC= .86259 lSE= ,i8168 SR= .e5188 ZZ= t ZH= t88,67

KM= ,2_8 IO= , 7688. LE= 71,8888 NE= 6 1
BF= ,4808 BB= |
POWER_WRTT.S HEAT REQUIREMENL WATTS iBASIC 6609.6807 BASIC I1817.;:_97

HEATERF.L 59,8558 REHEAT 2_7.8728
REGEN,F.L 245,4482 SHUTTLE 1793,6062
COOLERF.L, 60.72_i PUMPIN_ 15.2_8B
NET 6244.4546 TEMP,SHING 192.8667
MECH.FRIC, 624,4456 CONDUCTION 188.674_
BRAKE 5620,009_ FLUHFRIC,CRFDIT -181,7791

HEAT !0 ENGINE 14862.887?
INDICATEDEFF.X= 44.4028 FURNACELOSS 3515,7217
OVERALLEFF,X= 31.9707 FUEL INPUT 17578.6994

HOTMETRLTEMP. K= 922. "_'__=== COOLINGHATERINLET TEMP,, K= _3_.5555
EFFEC.HOT SP.TEHP.K= B2_.8B_7 EFFEC,COLD SP,TEMP.K = _b_.7874

IbO
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Tabl_ B,I (oontlnuod)

J.l_td_kd._!_Lt_)ut I_'in_t_g_U.b!

150THFRI4AI.SECONDORDER CALCULATION--_
; PRO_ 150

_9 _PR 19_@
HRIITENBY NILLIRHR, MARTINI

CURRENTOPERATINGCONDI.TIONBARE:
5F'_ I_00 BB Pg= 5BS,0B ND_ _B,BB TF- 120@,R_B
LX_ 8,@BOB TY= 135,8888 FX= 2_,B_8 OG=

CURRENTDIHENSION5ARE:
DE:= I0,i688 DR= _,5988 IC= ,ii5_ OC= ,1678
DW= ,88452 DD= 4,06_0 IH= ,4720 OH= ,6488
G_ 0406_ LB= 6.488B LR= 2. 5_0 CR= 1%,6589
RC= _,_258 LC= 12,9880 LD= 12 _2_B LH= 41,8880
LI= 25 5800 NC= 312 NR= 6 N= 4
NH= _6 FF= ,_888 AL_ 98,88 CX= 254,2884
I,E= 90.080_ FE= BA._BB9 EC= ,84869 $C= ,86_50
5E= .10160 SR= .05108 ZZ= I ZH= t97.98
kl4= 200_ Ib= 768Et LE= 7t. _B8 NE= 6
BF= 4080 B6=
POWER,WATTS HEAT REQUIREMENT,WATTS
BASIC 17336.1367 BASIC 29987.6992
HEATERF,L 1S6,4098 REHEAT 646.2648
REGEN.F L, 339,8281 SHUTTLE 1881,3140
COOLERF,L. 139.5549 PUHPING 66.85_
NET 16720.3457 TEHP,SWING 1245.6926
HECH.FRIC,, 1672.8349 CONDUCTION 197.9806
BRAKE 15048.3125 FLONFRIC.CREDIT -_06.3238

HEATTOENGINE 3_719.%984
!NDICRTEDEFF.%= 49.5867 FURNACELOSS 842_ 84.°,6
UVERALLEFF.%= 35.7024 FUEL INPUT 42i49.2422

HOT HETHL TEHF'K= 922.2_2_ COOLINGWATER INLETTEMP.,K= 338.5555
EFFEC.HOT SP.TEMP K= 836 15B3 EFFEC.COLD SP.TEMP.K= 352.5_77

O0000002-TR F 14



Tabls B,I (contlnusd)

_ut and Output Prlntouts
i

I'

.I

, I$OTHERMRLSECONDORDERCRLCULRTION-- _J
PROG,ISO 'i

89 RPR1988 il
-, HRITTENBY WILLI_ R. MRRTINI

CL_RENTOPERATINGCONDITIONSRRE:
TP= 1688.00 PS= t888.88 ND= 38.80 TF= 128&_
LI= 0. 8B88 Ty= t35. eeAe FX= 25. 8_e OQ=t

CURRENTDIMENSIONSRRE:
DC= 18.1688 DR== 3.5009 IC= .1158 OC= ,1670 _
DW= . 08432 DD= 4. 86_ IH= . 4728 OH= . 6488
G= . 04960 LB= 6. 4888 LR= 2. 50_ CR= 13. 6580
RC= 2. 3250 LC= t2. 9888 LD= 12. 8288 LH= 41. 8088
LI= 25.5888 NC= 312 NR= 6 Ne 4
NH= 36 FF= . 2888 RL= 98. 08 CX= 254, 2884
ME= 98.8808 FE= 80, 8000 EC= . 84668 $C= . 86358
_E= , 18160 5R= . 85188 ZZ= t ZH= 201.67
KH= .2888 ID= .7688 LE= 71.0008 NE= 6
BF= .4888 BB=
POWER,HRTT5 HEATREQUIREMENT.,WATTS
BR51C 34954.8937 BRSIC 68104.5156
HEATERF.L. 251. 3977 REHEAT 1364.5796
REGEN.F.L. 484. 8962 SHUTTLE 1917.1t47
COOLERF L. 256.2751 PUMPING 283.ttt2
NET 33962.4188 TEMP.SWINQ 5837.6389
MECH.FRIC. 3396.2422 CONDUCTION 201, 6665
BRAKE 39566.1758 FLOWFRIC.CREDIT -493. 4088

i HERTTOENGINE 68335. 2187
INDICRTEDEFF.Y,= 49.6997 FURNRCELOSS 17883.8947
OVERFILLEFF.%= 35.7838 FUEL I,NPUT 05419._078

HOTHETR_TEMP, K= 922. 2222 COOLINGWRTERINLETTEMP., K= 339. 5555

,. EFFEC_T SP.TEMP.K= 045.7885 EFFEC.COLD $P.TEMP.K.= 354.2686

162

. ,,: :
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I]LI_!I:)_!rodO>.!l,#)utI'.I':!I!I,9_!LLr_

IC-,OTHER'MfiL'3ECONPOl_i,,El_ei._L.CULflTICIN--
PRub 15[_

' _9 fiF'R19_::IZ_
WRI'TTI_NBY WILLIAMR, l'lfiRTlNl

[URRENTOPERfiTINGCON[_ITII)N_I*IRE:
'..':;F'_100000 F'S= 1400.@L'e ND,, _0,@0 TF: 1200.O0
l,I= U OOOO T9_ 135,001_0 FX= 25,0000 OG: I

uURRENIblMENSIONSfiRE:
[,C_ 101600 DR= 3 5800 IC: .I150 OC: .167@
DN= .00432 DD: 4. 0600 IH: ....... 4720 OH: .6400 !G: . 04060 LB: 6. 4000 LR: 2. 5000 CR: 13. 6500
RC= Z_250 LC: 12,9000 LD= 12.0200 LH: 41. BOO0
LI= 255800 N(: 312 NR= 6 N: 4
NH= 36 FF= . 2L_30 RL= 90.00 CX= 254, 28_4
HE: 9O,OOO0 FE: 80,0000 EL: ,04060 SC= .06350
SE: ,I0160 SR= .05100 ZZ: t ZH: t97,29 ,i
KM= 2000 Ib= 7600 LE= 71.0000 NE: 6 1

POWER,WATTS HEATREQUIREMENT,WATTS
BASIC 47958.7500 BASIC 83615. 6094
HEATERF.L. 345.9294 REHEAT 1928.1_1
REGEN,F.L. 607.2909 SHUTTLE 1875.4663
COOLERF.L, 350. 3559 PUMPING 343. 8532
NET 46655.1758 TEMP.SMING 9749.3984
MECH.FRIC 4_65.5186 CONDUCTION 197,2854
BRAKE 41989,6602 FLOWFRIC.CREDIT -649.5749

HEATTO ENGINE 97052.1875
INDICATEDEFF.Z: 48.0723 FURNACELOSS 24263.0469
OVERALLEFF.%= 34,61_0 FUELINPUT 121315,2187

HOTMETALTEMP.K= 922, 2222 COOLINGWATERINLET TEHP., K= 330. 5555
EFFEC,HOT SP.TEMP.K= 838,6689 EFFEC.COLD $P.TEMP.K.= 358. t397

Ib.l

i

•,:.,,.i !.......... ..................-_._.............7_._.....j.._.-:-'.-,.,..:..-,,-,..:....,:.....,_

i i 1111 m, ,,,
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. Table B,.1 (contlnued) !,

Input _nd Output Printouts

; ISOTHERMALSECONDORDERCALCULRTION--
PROQ,ISO L
99 APR 1980 iI

WRITTENBY WILLIAMR. MARTINI

CURRENTOPERATINGCONDITIONSARE:
SP= 2089.99 PS= 200,99 ND= 30. B_ TF= 1209.00
L1= 8. 8Bee Ty= t35. 0800 FX= 25. 0088 06= 1

CURRENTDIMENSIONSARE.: i:i
DC= 19. t688 DR= 3. 5000 IC= , 1159 OC= . t679
bN= .99432 DD= 4.0600 IH= .4720 OH= .6400
G= . 94869 LB= 6. 48_8 LR= 2. 5888 OR= 13. 6500
RC= 2.3258 LC= 12.9BBB LD= 12.8200 LH= 41,8088
LI= 25.5800 NC= 312 NR= 6 N= 4
NH= 36 FF= , 2008 AL= 90,08 CX= 254. 2804
ME= 98.0988 FE= 80.9000 EC= ,9486_ SC= .86358
SE= .18160 SR= .05100 ZZ= I ZH= 19t. 16
KM= .2009 ID= ,7600 LE= 71.0000 NE= 6
BF= .4900 BB=
POWER,WATTS HEAT REQUIREMENT,WRTTS
BASIC 13460.662t BASIC 23766. 1660
HEATERF.L. 451.9111 REHERT 498.5541
REGEN.F,L 1244.9168 SHUTTLE 1817.2532
COOLERF.L. 458.8881 PUMPING 46.2341
NET 11306.746t TEMP.SWING 389. 9685
MECH,FRIC. 1138.6748 CONDUCTION 191.16t9
BRRKE 10176,9713 FLOW FRIC.CREDIT -1873.0195

HERTTO ENGINE 25635,4168
INDICATEDEFF %= 44.1959 FURNACELOSS 6408.8535
OVERALLEFF.%= 31.7563 FUEL INPUT 32844.2656

HOT METAL TEHP,K= 922.2222 COOLINGWATER INLETTEMP._K= 330.5555
EFFEC,HOT SP.TEMP.K= 824,1782 EFFEC.COLD SP,TEMP.K,= 357._217

lh4 i
I

.. "':",:_.-_: ' - " . _" .... " - " "_ .; ':_- - ,'. " .C"i' " " ,,,..... -J'"-" : " T " " " , ,,,,,,,,,,,'" I -'_
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:" Tablo B,1 (contimmd)

i'i:

_ ISOTHERMALSECON_ORDERCRLCULRTION--
..; PROG.I$0
' 89 RPR1988
;. WRITIENBY NILLIRHR. MRRTINI

CURRENTOPERRTINGCONDITIONSRRE:
SP= 2008.88 pS= 588. g8 ND= 38. 88 TF= 1288.88
LI= 8.8888 Ty= 135.8888 FX= 25.8880 OB=i

CURRENTDIMENSIONSRRE:
DC= 18.1688 DR= 3. 5888 IC= .t1_ OC= .t678
DW= . 88432 DD= 4. 8688 IH= . 4728 OH= . 6408
G= .04868 LB.= 6, 4888 LR= 2. 598B CR= i3. 65BB
RC= 2. 325g LC= 12.9888 LD= 12.8288 LH= 41,8888
LI= 25, 5888 NC= 3t2 NR= 6 N= 4
NH= 36 FF= ,2088 RL= 98._ CX= 254.2884
ME= 98.8888 FE= 88.88E_ EC= .84880 SC= .86358
SE= .18168 SR= .85i88 ZZ= i ZH= 283.62
Kit= ,2888 ID= ,7688 LE= 71.8888 NE= 6 •
BF= 4880 BB=
POWER,WRTTS HERT REQUIREMENT,WRTTS
BRSIC 35282.6016 8RSIC 68231.9844
HERIERF.L. 997, 9139 REHERT 1373.7883
REGENF.L. 1923.3396 SHUTTLE 1935.7202
COOLERF L 1819 1125 PUMPING 283.8463
NET 31262.2383 TEMP.SWING 2532.4609
MECH FRIC. 3i26.2244 CONDUCTION 283.6237
BRRKE 28136.81_ FLOWFRIC.CREDIT -1959. 5837

HERTTO ENGINE 64521.8283
INDICRTEDEFF,%= 48,4522 FURNRCELOSS 16138.4551
OVERBLLEFF.%= 34 8856 FUEL INPUT 88652.2734

HOT HETRL TEI'_ K= 922.2222 COOLINGWRTER INLETTEMP.,K= 338.5555
EFFE2.HOT SP.TEHP.K= 849.8555 .EFFEC.COLD SP.TEMP,K= 353 4494 .

|('tt_
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I," !
4

<. Tt_bloB,I (oontinuod)

_,-.., Ij.gmt trod Outp.5!tJ_t !li%Ou4{_
I

_7 ISOTHERMALSECON[>OR_ERCALCULATION--
i,' PRO& ISO
_,' 89 RPR 1988

ii hRITIENBV WILLIAMR, MRRTINI- CURRENTOPERATINGCONDITIONSARE"
SP= 2888.88 P$= 1808,08 ND= 38.88 IF= _288,88
LI: 8.0088 TY= 135.8888 FX: 25,8888 06: I

' CURRENTDIMENSIONSARE;DO= 18.1688 DR= 2. 5888 IC= .1158 OC= . t678
DH: .88432 DD= 4,0600 IH= .4728 OH= ,6488
6= .84868 LB= 6.4000 LR= 2.5800 CR: 13.6508
RC= 2.3258 LC: 12.9088 LD: 12.8280 LH: 41.8888
LI: 25.5888 NO= 312 NR= 6 N: 4
NH= 36 FF= .2880 AL: 98.08 CX= 254.2884
ME= 90. 8888 FE= 88. 8880 EC= .04868 SC= .86358
SE = .18168 SR = ,85188 ZZ = i ZH = 19483

KM= .2008 Ib= .7608 LE= 71,8888 NE: 6
BF= .4888 BB=
POWERIWATTS HEAT REQUIREMENT,WATTS
BASIC 67612.1816 BASIC 118928,5_i_''
H_ATERF.L. 1927.4856 REHEAT 2778,8645
REGEN.F.L. 3147.8118 SHUTTLE. t852. t472
COOLERF.L. 1946.4t16 PUMPING 682,_567
NET 68590.2984 TEMP.514IN6 9888 2656
MECH.FRIC. 6859.8418 CONDUCTION 194.8324
BRAKE 5453&3594 FL[_ FRIC.CREDIT -3581.3911

HEAT TO ENGINE 138734.7969
INDICRTEDEFF.%= 46.346_I FURNRCELOSS 3268K6992
OVERALLEFF,X= 33.2691 FUEL INPUT 16_418.4844

HOT METAL TEMP,K= 922.2222 C0OLINGWATER INLETTEMP,,K: 3385555 i
EFFEC.HOT SP,TEMP.K= 836.6948 EFFEC.COLD SP.TEMP.K.= _68.9674

lbb

I ' II1" I
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ISOTHERMALSECONDORDER CALCULATION--
PROG, ISO
U_ fiPk 1_80

WRITTENBY WILLIAMR. MARTINI

CURRENTOPERATINGCONDITIONSARE. J
SP= 2008.00 PS= 1408.00 ND= ]:8.80 TF= 1288.08
LI= O. 0808 TV= IS5, 8800 FX= 25. 8800 OG_ t J

CURRENTDIMENSIONSARE:
[,C= 10.1608 DR= 2:5880 IC= ,I150 OC= .1678
DN= 08432 DD= 4.0608 IH= ,4720 OH= .6488
G= .04860 LB= 6.4800 LR= 2.5888 CA= 13.6580
RE.= 2,_258 LC= 12.9008 LD= 12.0200 LH= 41.8800
LI 25 580_ N[.= ....:'= _I_ NR= 6 N= 4
NH= _6 FF= 2800 AL= 90.08 CX= 254.2804
lqE= 90 0080 FE= 80.0888 EC= .04868 SO= .06_58
SE= 10160 SR= .05108 ZZ= 1 ZH= 188.94
FM= 2000 Ib= .7600 LE= 71.0808 NE= 6
BF: . 40C_ ""

POWER,WATTS HEAT REQUIREMENT,WATTS
BASIC 91861.8986 BASIC i64964.7812
HEATER F L. 2651.8186 REHEAT 3992.2964
REGENF.L 4117,2451 SHUTTLE 1796.1570
COOLERF.L. 2677.4727 PUMPING 1011.6228
NET 82415,3594 TEMP,SWIN6 19046.0352
MECH FRIC 8241.5371 CONDUCTION 188.9427
BRAKE 74173 8281 FLOW FRIC.CREDIT -4710.4409

HEATTO ENQINE 186279. 3986
INDICATEDEFF %= 44,2429 FURNACELOSS 46569.8437
OVERALLEFF %= _1.854> FUEL INPUT 232849.2187

HOT HETRL TE/qPk= 922.2222 COOLINGWATER INLETTEMP.,K= 338.5555
EFFEC.HOT SP TEMP K= 828.4016 EFFEC.COLD SP TEHP K.= 366.9746
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The first stop wa_ to plot the minimum flow loss versus the speed squaxod,
_ This plot is shown in Figure B,2, This rol_tionship is llneax and was nasily

i- flttod. Thls rol_tlonshlp allowed prodictlon of f,lew loss _t relatlvolyi high pressures. The fin_l step w_ to develop the correlation that wo_d
1_llowpredictions at relatively low pressures, Tb_ change in the torque

, _atio between the |tighostv_lue (high pmossure) and th_ values at other
proc_ures i_.shown in Figure B.3, In one _ttempt 4,obring_the c_vos

_' together, It was decided to divide the ehaage by tto speed, An avorag_ of

if' those curves wa_ fitted with a power curve, The curves are sho_l in Ft_,nw.o

B.4. TaMing into account both effects, the final equation w_ss i,

_ _z, (.99s62-9.1_x 4.o"5(sP)2)(I- 3.09x 10"3(S_)(MP_)-1'841)

where TQN is net torque, TQI is indicated torque, SP is engine speed in
Hertz, and MPa is engine pressure in MPa.

Validation of this equation consisted in using it to calculate the torque i

ratio for the 16 cases previously calculated, ilThe predictions were compared with the calculated results and plotted in
Figure B.5. The error band fits were within the error expected from the
actual fluid mechanic calculations. This method of estlm_tln@_t'%a__iQssis
reasonably accurate and saves computer time and space.

A

.I

I

.05_

0
0 200 400 600 BOO 1000

Fig_we B.2. Minlm_ Flow Lo_ Versus Speed Squared.

t
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Figure B.3. Maximum Torque Ratio Change Versus Pressu1"e.
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ISO.FORSHAFT OUTPU_
ISO.FORINDICATEDOUTPUT

Fi_;ureB.5. PredictionsVer_u_ActualCalculations.
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;:', A_ENDIX 0

i::
GEAI-'llIC StIB_OUTINES

I'll" Thll FJ:apl_[_;ulbroutI,_onll,._t,d_md oxpl:._Inadin thI,_ ,_ppcmdlx m-,ro loft out
" or th(._lil_tlng or LIIITLB,FOI_b,)m_uuo thoy hl-_d_Llri11_dyb,_t,nInelud,_d III tho

ii ].Ib:r,'u'yfor tho Altol, UOmlmt,u" _&tM_u'tlnl _J,lglm_o$'Ing, Ol,h,_rL;ol1,1mLt_r_will
: l,robt_blyh_ivo dllTc,r(_ntcg'_&phioI_okcw_oH, so _Ui oxpl_ul:_tioIlOf wh,%t o_tJl

ii" _mb_'outllm d.o,n{in Iti_'lud,_d.Tho _ubroilt.tno,:,t_o V_4_QDI_,POINT _uldOLb]_ll.

Also, _.u,oxpl_ul:d,lon o]' q,ho s_d._routlno_I}(AS[,Il:dv(m on lino_ 86_._to o.,,)..,..,,o.1'

"qTLB (,_oo 1_,_6o104) wl.ll bo glvon, All of tho,_o u,m ,_n,,_chinol,.u,6,;_u_t_o
ii" l',voutlnt,,'IONOUT. (S,._oTablo O.l for a li_tlng of CONOUT,) Tho llotro-

i. :/'_pl_:Ict_w _l_odtflcation to the Lou_-Siolsl_-m AI_4_3A tormlnal omployi_ _:orlt_in
_.onimol co(|tu_to got, boLwoon tho dilTort_,t n,odot_. 'PhIL_control ch_'t It_

,_ho_ in Flg_a'o {1.I. CONOIIT i_l um_d to g,].vo tho computor t,ho ,._i_l ill

Table O. i

MACHINE-LMiGUADE LISTING OF 00NOUT

'I ENT[_:',' Cot_rlUT
•" I::L'I__OIJT :

4 OUT Ibl-I
•=, IN IDH

,3 FINI 8OSOIiOiaB
"? CPI el_tCii31tl3QB
,., J P4cq CI:Ip41:1UT

iCI I:$UT iCl'4
il F.'.ET
12 El'41::'

tl

Figure C.I. Retrographlcs Control Scheme.

1,- *?roduct of Digital Engineering luc., 17H7-K Tribute Rd., Sacr_unento, CA 95_15.
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thQ l_r_perform to be _eoo6nlzed. Table d,2 shaws the ood_athat is used.

?'_ Th_ suhroutlnes Will now be oxplainnd, _,i

1_ri Tabln _ ,2
&I-

GON_IOL OOD_

m _OII

_' Oodo N_ao in _OII Doolm_l

CAN CA 24 Move fcom4010_ipha
_" tO ADM-3A n_l,pha,

._ _ UY 25 Ol_arsoroon.
). F8 FS 28 MovO to point mode,

i} GS OS Move to vector mode.
29

:_ US US 31 Mow fz'omvector mode
to 4010 alpha,

BI._O _ 27 { Sets data level t_

DEL DE 127 _ black .

a AA 97 With ES sets data
level to white.

VECTOR

The subroutine VECTOR draws a straight llne. It is listed in Table 0.3. It
has fot_ arg_unents. They a_e defined as followsa

JX _ X axis coordinate of start of vector.
JY = Y axis coordinate of start of vector.
KX _ X axis coordinate of end of vector.
KY _ Y axis coordinate of _nd of vector.

As for any subroutine, the position is important _d the names can be changed.
Thesu coordinates are integ_s. The main program scales the values to be
plotted so that the X axis coordinate is between 0 and 1023 and the Y axis
coordinate is between 0 and 779. (See Figure C.2.)

In line 757 of Table 0,3 the integers a2e defined. In line 758 the values
needed ±hromTable 0.2 are defined. In line 759 the control code GS is sent
to go fTom th_ AEM-3A alpha mod_ to the vector mode (see Figure C.I), In
lines 760 stud761 the Y coordinate of the start of the vector is split into
its upper and lower components according to dlrectlom_. In lines 762 stud
763 the same thing io done for th_ X coordinate of the starL of th_ vector.
In lines 704 to 707 those four mmbers are _ntered. Lines 768-770 cauu_ a
slight delay in the program,to allow the entering to b_ complete.

From lin_s 771 to 780 the same thing is done for the end coordinate of the ]
vector. Once the computer has both coordinateD, it draws a straight line
between them. The timing loop (line_ 779 to 781) is needed to allow the
computer to draw the Ib_e before it goes on to something else. The time

I/2

E ..,_) , _-..-_.--_--_ _..,.-., • g. r_,t_T,_: ;.5 ........ _-_.,., .... ._, _...-..... '-_. -_-.._ - ;_- - _,. , - .• _ ......

" " ' " ..................... Ili IIII I
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Tablo O,3

il ?S5: C _UOP.OUTINKFOR ORAHIfIGB VECIORON THE _CREEN

756: 5UI3ROUTINIZVIZCTOR<JX,,]%KXsKY)
.. 757: ]NI'EGIZR$1GS,U_,YH,YL,XH,XI.,CA

,.,,.,, DfiTAGS,US,CA/29,]_,2,11
759: CflL.LCOIIOUT(I_S)

'i,* ,_i, ','Lr_IIOD(JY__',?)+9_
"l _," I , t'lJ,-f It I I_,l._,/_lI' #:v¢._., _",ll' ,,Ii't( _ 6'r _,lll

Ii ;',:,_;: hL_IIO[.,_.IX,_.";)+_4
." 7_4: CFILL(ONOUT(YH)

T'I,'_5: GriLL I:'OIlOUT(YL)
, t:_,,a: C(ILLC'ONOLIT(XH)
767: CfllL Cr,NOUT(XL>
7,.',_,: [,0 I0 I_i, 200
769; H=]+I
770: iO CONTINUE
* i ,]., ,,, ,_I, z,C,i,v ., ¢,,; |i

,',,., ','L_HOD(KY,_2)+9G i
........... , - iir,., ,,H.I,>,/.'.'32+.;.2
774: XL=IIOD(KX,"2)+64
775: C'SLLCONOUT(YII)
77_: Cl'll.L COIlOUT(YL)
771': C't'ILLC:ONCiUTC.,I-I)
778; rflLL COIIOUT(XL)
779: DO20 I=I, 200 i
mo,., ;:.0: I'I=I+I
,_i: ,9.0 CONTINUE
702: CALLCDNOUT(US)
"_t%"s.,<,., CF;LLCONOVT(CR)
;':34: RETURN
, _,5" END ........

l . O.T/_ 1023,Tt9 ,

4

• 512,3,90

. 0,0 1023,0 .

X AXIS _ I

Figure C.2. Coordinate N_buring for Grapl_cs,

i L

-',.i...,= " :'", ,.:'.-'Z,: x,- ,-, ..... " "" " " "............................. nnnnnll'
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"' 'l'n,iCLo_3,/+

727: C ',';U_ROUTIIIEFORPOINTGRfIPHIC_
7;:C;: _LIf=ROUTINE POINT(JP,JO)
7_9: INTEGEF,',t_IFS,US,C_ YH,YL,XIbXL,UY
7:0: DI'IT_IF_,US,C1%UYI28,21,_'b25/

' 7"_1: CrlLLCONO_IT(FS)
.:,_. YII',T0/_2+'¢2

;""_: '/LH'iOD<._0.,32) +9.:.
7._',1: XH_-,TP/22+_2
7_5: :L=I'IOD(JP,_2)+64
;:'_S: CrtLLCONOUTCYH)
727: *;riLLCONOUT(YL)
738: CRLLCONOUT(XH)
7:_9: CfiLLCOIIOUTCi,iL)
7_0: C_ILLCONOUT(U._)
741: CFILLCONOUTCCB)
,,-,,.%

,,I-": RETURN,
,4_'_: Et'[,

As for any subroutine the positions of the argu_elltS axe importa_]tand the
ha,ruescan be ch_u_ged. These ceordlnates _'e integers scaled as _chew1%in
Figure C,2. In lines 729 _u_d730 of Table C.4 the integers and the data
are defined. In llne 731 the control code FS is sent to get control into
the point mode. (Sue Figure C.i.) In lines 732 to 739 the upper and lower
component of each coordinate is calculated and sent in the proper order.
A point corresponding to thls coordinate lights up on the screen. Lines
740 and 74i retua*ncontrol to the AEM-3A '_ulphamode via the 4010 oJiphamode
(see Figure C.i).

CLEAR

The subroutine CLEAR erases the entire graphic screen without touchlng the
ADM-3A a/pha screen which is sdperlmposed. CLEAR ha_ no aa'gumunts. A
listing is shown in Table C .5. In Table C,5, lines 746 and 747 initlallze
as use'o/. In llne 7LR_the control code GS is sent to get the con+tel into
the vector raode, In thlu mode sending the control code b}](UY in oU_"sub-
routlne)(suu Table 0,2) clears all ti_escreen. Lined 7.90 and 75i 6etcon-
trol back to A[_I-3A_iph_ mode in the usual way.
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T_blo G,5

"/'4'I:C 5U[',I;'.OUTIIIEFOI_CLEI3_IlICiYFCTORIIOC,E £CREEII
7,15: 5U_ROLITXlECLE£._
?,lG: IIlTEGER{.IG5,UY,US,Ca
74?'. #_TR6S,U'¢,US,C0/;_9,25,31,24/
'?,tEl; C£LLCOI_C_U],'GS)
249: CI'ILLCOIIOUT<UY)
7_0: CfiLL [OrlOUT<ll£)
?S.L: CALLCOIlOLIT(Cfi)
75_; r'El'Ul::rl
5,_: ErID
?.'3.1:C

The u.bJ:outlno_ASId drawn a tmrlo_;of bl_ck linuu from X coordimLte 710
to JOl), Tim l:,la_k l_nul_ _e d_'awl, ill the Y direction from 2 to 777, On
1_ago_04 1.1m_:_I_89_md 890 initialize thAngs, Line 891 L_tamtuthe do loop,
Line 892 gut_ control to the vector mode, Line_ 893 ,_ud894 together set
the datz_lewl to bl_ck from white. Lines 895 to 914 draw a black linu.
Lines 915 _md 916 set the data level back to white. Lines 917 and 9_8
_t back to the ADM-3A alpha mode, Line 919 is the end of the do loop,

An attempt was made to _hort_n this subroutine by putting the do loop in
the vector mode part of the prot_r[m_, but t_ds did not wo_:k, The subroutine
reqult'_ o seconds to clear this part of the screen. More efficient sub-
routines for clearing part of the screen can probably be worked out, but
this subroutine was not a vit'/lpart in the te_l computing time.

Grapl_tcoutput greatly speeds the comprehension of the computed results.
It should always be used if available for this type of ana/ysis.

, ,,,
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